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Foreword 


Materials Surveys are designed to bring into a single document all the 
fundamental data needed by war or defense personnel with major responsi- 
bilities with respect to the Survey subjects. The Surveys dealing with metals 
and minerals summarize the demand-supply position in the United States and 
include information on production, imports, consumption, exports, capacity, 
interchangeability, substitutes, possibilities for expansion and pertinent history, 
usually in some detail back to 1925. The properties of the commodity and its 
principal compounds and alloys are described. Exploration, mining, and 
metallurgical methods are discussed. Domestic and foreign resources and 
reserves are covered. An extended presentation of the structure of the industry, 
including major corporations, transportation service, processing facilities, inter- 
relationships to other industries, pertinent laws and taxation policies, tariffs, 
Government controls, special labor problems, and history of wartime control 
experiences, are included. Other special data are presented for particular 
commodities. 

In undertaking Surveys, precedence is given to commodities of highest 
priority in defense urgency. Molybdenum is one of the most important ferro- 
alloying metals and essential to the Nation’s defense industries. 

The Molybdenum Materials Survey was prepared in the Division of 
Minerals under the direct supervision of Henry G. Iverson, Chief, Branch of 
Ferrous Metals and Ferroalloys, and Norwood B. Melcher, former Chief of 
that Branch. The manuscript was reviewed, in whole or in part, by specialists 
in the Bureau of Mines, Geological Survey, and industry. Special acknowl- 
edgment is made of substantial contributions to the report by Climax Molyb- 
denum Co., Kennecott Copper Corp., Molybdenum Corporation of America, 
and Molybdenite Corporation of Canada, Ltd. 

CuHarLes W. MERRILL, 


Chief, Division of Minerals. 
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A MATERIALS SURVEY 
BY 


WILMER MCINNIS’ 
WITH A CHAPTER ON GEOLOGY AND RESOURCES BY S. C. CREASEY 


Introduction and Summary 


OLYBDENUM, one of the more versatile alloying elements in modern 
metallurgy, was first isolated by Hjelm in 1782. The pure metal is 
silvery white and softer than steel. It melts at a higher etn peters 

than all other metals except rhenium, tungsten, and tantalum. Molybdenum, 
a member of group V of the periodic table, chemically exhibits valences in stable 
compounds of 2, 3, 4, 5, and 6. It is a strong carbide-forming element, and 
much of its alloying effect in steel is imparted through the formation of carbides. 

Molybdenum occurs in nature only in combination with other elements. 
The most common occurence is molybdenite (MoS.), which is widely distributed 
throughout the world; the few known commercial deposits are the major sources 
of molybdenum. The other commercially important mineral, wulfenite 
(PbMoQ,), was a major source of molybdenum in the United States during the 
early part of the 20th century, but with exploration and development of the 
world-famous Climax molybdenite deposit during the World War of 1914-18, 
molybdenite soon became the world’s major source of molybdenum. In recent 
years, virtually no wulfenite has been mined. Many copper deposits contain 
minute percentages of molybdenite; and, since the inauguration during the 
early 1930’s of the recovery of molybdenite as a byproduct of these deposits, 
they have been an important source of molybdenum. 

Methods of mining molybdenum depend largely upon the type of deposit. 
In porphyry-type deposits large-scale caving methods are employed, but in 
vein-type deposits cut-and-fill stoping is preferred. Molybdenum ores require 
concentration before useful products can be made. Flotation is universally 
employed in concentrating molybdenite. 

Except for that added direct to steel and that used in the manufacture of 
lubricants, molybdenite concentrates are roasted to molybdic oxide (MoQ;). 
The molybdic oxide is both a raw material for the manufacture of other molyb- 
denum products and a product for direct consumption as an alloying element. 
Hydrogen reduction is the preferred method for producing metallic molyb- 
denum. Ferromolybdenum is produced by the electric furnace and the thermite 
processes. Other products are produced either by metallurgical or chemical 
processes. 

The first recorded commercial production of molybdenum was in Norway 
during the last quarter of the 19th century, and by 1900 both Australia and the 
United States had small outputs. During the first quarter of the 20th century 
the United States took the lead in molybdenum production; and, since reopening 
of the Climax mine in 1924, has been the world’s major source, producing 92 
percent of estimated output in 1955. Known ore reserves indicate that the 
United States will continue to be the major supplier for many years to come. 

An estimated 85 to 90 percent of all moljbdeninn consumed 1n recent years 
was used in ferrous alloys, and the remainder was consumed in metallic form, 
in nonferrous alloys, and in nonmetallurgical uses. 


1 Work on manuscript completed September 1956. 
Commodity specialist, Bureau of Mines. 1 
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HISTORY 


DISCOVERY AND EARLY RESEARCH 


Centuries ago the Greeks and Romans used 
the term “molybdos” or “molybditis” to de- 
scribe minerals that were soft and “leadlike” 
in character. The terms were probably applied 
to the minerals now known as galena, graphite, 
and molybdenite. At a still later period, the 
word “molybdaena” was applied to graphite 
and the mineral molybdenite. In 1778, Karl 
Wilhelm Scheele, the celebrated Swedish chem- 
ist, demonstrated that molybdenite, unlike 
graphite on treatment with nitric acid produced 
a “peculiar white earth” with acidic properties ; 
he assigned the name “molybdic acid” to this 
substance. He also found that when the mineral 
was heated, sulfurous fumes were given off, and 
he concluded that molybdenite was a sulfide of 
molybdenum. Four years later (1782) J. J. 
Hjelm isolated the metal] itself, which proved 
to be the new element, molybdenum. 

In 1893 the German chemists Sternberg and 
Deutsch produced a 96-percent-pure metal by 
reducing molybdate of lime with carbon and 
then separating the lime with hydrochloric 
acid. The impure metal was reported to have 
been used in experiments in an effort to utilize 
the metal in tool steel in place of tungsten. In 
1894. the metal was first obtained by means of 
the electric furnace, but the high carbon content 
(9 percent) made it unsatisfactory for use. In 
the same year, Schneider & Co. produced 
molybdenum-bearing armorplate at its Creusot 
works in France. This was the first recorded 
report on the use of molybdenum as an alloying 
element in steel. A short time later, Henri Mos- 
sian, a French chemist, made extensive experi- 
ments in the reduction of molybdenum by 
means of the electric furnace and succeeded in 
obtaining 99.98-percent-pure metal. Mossian 
then devoted a considerable amount of study to 
its physical and chemical properties. He es- 
tablished its atomic weight and determined 
many other of its now known qualities. These 
experiments and results were successful enough 
to cause the metal to be considered commer- 
cially important for the first time. 


EARLY PRODUCTION AND USES 


The first production of molybdenite was 
probably from the Knaben mine in the Knaben- 
Flekkefjord district, southern Norway, near the 
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end of the 18th or the beginning of the 19th 
century. Its uses were evidently unimportant 
and small, for the mine had no important pro- 
duction until research during the last quarter 
of the 19th century stimulated interest in the 
mineral enough to cause it to be reopened about 
1880; however, production was irregular and 
small until just before the end of the century, 
by which time the United States and Australia 
were also producing small quantities, but pro- 
duction in the United States was discontinued 
in 1905 and was not resumed until 1914. 

Although molybdenum had previous com- 
mercial applications in certain chemicals and 
dyes, the first record of its commercial use as 
an alloying element in steel was said to be in 
1898, when the Sanderson Steel Co. began to 
market a molybdenum self-hardening tool steel, 
but production of the steel was discontinued be- 
fore 1905. This use greatly stimulated interest 
in the metal as an alloying element, and metal- 
lurgists devoted considerable study to its use 
as an alloying element in high-speed steel. 
However, tools made from the molybdenum 
high-speed steels gave erratic performance, 
owing largely to lack of knowledge of the criti- 
cal heat-treating range subsequently developed 
and demonstrated at Watertown Arsenal in 
1930. This early failure gave molybdenum a 
bad reputation in the United States, and for 
the next decade there was very little develop- 
ment in the United States on the use of the 
metal as an alloying element. 

In 1907 Fink (3)* produced ductile molyb- 
denum by compressing the hydrogen-reduced 
powder into bars that were then heated and 
hammered into rod or sheet. A few years later 
the metal was being produced in ductile form 
for commercial use. 

The difficulty of separating the mineral 
molybdenite from its ores was the subject of 
much study during the early years of the 20th 
century. Frank E. Elmore, one of the pion- 
eers of 011 flotation, devised the Elmore vacuum 
process, based on liberation of dissolved air 
and gases by means of reduction of pressure, 
which enabled the bubbles to lift quite large 
masses of oil-coated minerals. This vacuum 
process was installed in several molybdenite 
mills in Norway, the first being at the Kvina 
mine in 1913; this was probably the oceuane 


of oil flotation of molybdenite. Later researc 


*Italicized figures in parentheses refer to items in the 
bibliography, which are listed by years. 
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demonstrated that molybdenite was readily 
amenable to vastly improved flotation methods 
now universally practiced for concentrating 
the mineral from its ores. 


WORLD WAR I 


At the outbreak of World War I total annual 
production of molybdenum was at a rate of 
about 200,000 pounds. Demand for the new 
alloying element, both as a substitute for tung- 
sten and for use in new alloys, during the war 
caused a temporary shortage in supply. Be- 
cause of the supply condition the British 
admiralty commandeered the entire molyb- 
denum output of British-controlled territory 
early in the war, and in 1917 the British Gov- 
ernment contracted for the entire output of 
Norwegian molybdenite mines. 

Early in the war a wide search for new molyb- 
denum deposits got underway in the United 
States. Small wulfenite mines in Arizona were 
reopened, and in 1917 Climax Molybdenum Co., 
and Molybdenum Products Corp. began active 
exploration on different parts of the same large 
molybdenite deposit in Lake County, Colo., 
while the Primas Chemical Co. was developing 
the molybdenite deposit at Camp Urad in Clear 
Creek County, Colo. Active exploration and 
development work were also being carried out 
in several other countries, including Canada. 
The Moss mine, situated 3 miles north of Quyon 
Station, Quebec, Canada, began producing 
molybdenite in 1916 and soon thereafter became 
the world’s leading producer for a brief time 
(9). These developments led to total world pro- 
duction of about 5 million pounds during 
1914-18, with an annual high of 1.8 million 
pounds in 1918; over 850,000 pounds was pro- 
duced in the United States. 


PEACETIME DEVELOPMENTS 


The close of World War I left large inven- 
tories of ferromolybdenum in the hands of 
United States consumers who had accumulated 
the stocks in anticipation of military projects, 
such as the Liberty engines and “baby” tanks 
which never reached volume production, and 
large stocks were probably held by foreign con- 
sumers also. These large stocks, along with 
stocks at United States mines, were more than 
ample to meet the small demand for peacetime 
uses; as a result, the United States molybdenum 
industry collapsed, production ceasing com- 
pletely in 1920. Canada and Norway also ceased 
production in 1920, but Australia continued to 
produce in a small way. 

A campaign launched in the early 1920’s to 
develop peacetime applications for molyb- 
denum soon began to show results. In the 
summer of 1920 molybdenum-bearing alloy 
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steel was used in Studebaker automobiles. The 
use of molybdenum alloy steels by the auto- 
motive industry increased rapidly thereafter, 
and before the end of 1925 the chromium- 
molybdenum steels (SAE 41000 series) had 
been accepted by the Society of Automotive 
Engineers. 

The Questa mine, in Taos County, N. Mex., 
was reopened in 1923, and production from the 
Climax mine in Lake County, Colo., was re- 
sumed in 1924. The reopening of these mines 
assured a steady supply of molybdenum to meet 
the rapidly expanding peacetime uses. In 1925 
United States production exceeded 1 million 
pounds of molybdenum for the first time and 
represented over two-thirds of total world pro- 
duction in that year. 

As molybdenum had gained recognition by 
the steelmakers as a cheap and effective alloying 
element for many alloys, it was soon accepted by 
foundries for addition to alloy cast iron. 

In 1930 Watertown Arsenal studied molyb- 
denum high-speed steels and determined the 
proper temperature ranges for forging and heat 
treating. In the following year molybdenum 
high-speed steels were marketed in the United 
States, but their acceptance for peacetime uses 
was gradual. 

By the early 1930’s United States production 
of molybdenum was more than ample to meet 
domestic needs; and a large part was exported, 
mostly to Europe. Although export figures are 
not available, Bureau of Mines estimates indi- 
cate that about 50 percent of the United States 
production during the 1930’s were exported. 

In 1933 the Greene Cananea Copper Co.,, 
Cananea, Sonora, Mexico, inaugurated recovery 
of molybdenite as a byproduct from its copper- 
mining operations, and for the next several 
years Mexico ranked as the world’s second larg- 
est producer of molybdenum. Three years later 
the Kennecott Copper Corp. began recovering 
molybdenite as a byproduct from its copper- 
mining operations at Bingham, Utah. By- 
product recovery of molybdenite was installed 
later at other Kennecott Copper Corp. copper 
mines and by other producers of copper and 
tungsten, including the Braden Copper Co. at 
Sewell, Chile, which has since made that coun- 
try the second largest producer of molybdenum. 


WORLD WAR I 


Although world production of molybdenum 
had increased to an annual rate of over 34 mil- 
lion pounds by the start of World War ITI in 
September 1939, it was not enough to meet in- 
creased demands brought about by events of 
the war. The severe shortage of chromium, 
nickel, tungsten, and vanadium that developed 
early in the war made it necessary to use sub- 
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stitutes wherever practical. Metallurgists, hav- 
ing gained considerable experience with molyb- 
denum during the 1930’s, were quick to recog- 
nize its versatility as an alloying element and 
developed many new alloys containing the metal 
as well as substituting it in part for tungsten 
in high-speed steel. The defense requirements, 
plus essential civilian uses for molybdenum, 
soon became greater than mining and milling 
capacity, which led to a critically short supply 
that was somewhat alleviated by selective min- 
ing at the Climax mine, Colorado, where some 
23 million tons of ore had already been blocked 
out, and by increased output from byproduct 
sources and other small molybdenum mines. 
Maximum output during the war was reached 
in 1943, when the United States molybdenum 
production—about 90 percent of total world 
output—was almost 61.7 million pounds, of 
which 75 percent was from the Climax mine. 

Export and use controls were measures taken 
by the United States during the war to conserve 
the supply of molybdenum. Export controls 
inaugurated in July 1940 required individual 
licensing of molybdenum, after approval by an 
Interdepartmental Foreign Requirements Com- 
mittee, for shipments to friendly countries to 
meet essential requirements. Domestic use con- 
trols imposed in the following year were aimed 
at preventing the buildup of inventories to un- 
necessary levels at consumers’ plants. 

Although industry had been slow to accept 
molybdenum-type high-speed steels for peace- 
time use, they were widely accepted during the 
war, and their use represented a large percent- 
age of the molybdenum consumed. Over 119 
million pounds of molybdenum contained in 
poe was consumed in the United States 

uring the war years 1942-44. It was pre- 
dominantly employed as an alloying element in 
iron and steel; but a relatively small quantity 
was consumed in electrical equipment, special 
heat- and corrosion-resistant alloys, hithograph- 
ing and printing inks, and chemical reagents, 
as well as in other minor applications. 

The occupation of Norway gave Germany 
possession of the Knaben mine, which cut off 
this source of molybdenum to the Allies. As 
a result of this and increased demand, United 
States exports increased substantially, reaching 
a wartime peak of over 11 million pounds in 
1942; over 6 million pounds of this was exported 
to the U. S. S. R. During this period all of 
Chile’s production of molybdenum was exported 
to the United States, and Canada’s production 
was shipped to the United States for conversion 
and reshipment. 


POST WORLD WAR II 


The United States molybdenum industry 
went into a slump just following the cessation 
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of hostilities of World War II. This slump 
was due largely to slackened demand, while in- 
dustry was reconverting plants back to peace- 
time production and to the salvage of high-alloy 
battle scrap, which reduced the need for newly 
mined molyblenuny As a result of this de- 
creased demand, Climax Molybdenum Co. con- 
verted part of its molybdenum plant at Climax, 
Colo., to byproduct production of tungsten, tin, 
and pyrite and reduced its ore-milling capacity 
from about 20,000 to around 14,000 tons a day. 
Meanwhile, the Mammoth-St. Anthony and 
Urad mines were closed. United States pro- 
duction of 18.2 million pounds in 1946 was the 
lowest in a decade. 

Development of the jet engine, which brought 
a need for alloys that could withstand the high 
operaune temperatures, directed the attention 
of researchers to molybdenum; but its inability 
to withstand oxidation in air at high operating 
temperatures greatly restricted its use in these 
alloys. However, molybdenum-type high-speed 
and low-alloy steels developed during the war 
were accepted by industry for peacetime uses, 
and demand for the metal continued to increase. 

Following the outbreak of the Korean War 
In mid-1950, the molybdenum supply became 
critical. Late in that year molybdenum was in- 
cluded on the National Strategic Stockpile list 
of critical and strategic materials. Production 
was expanded to the limit of existing mine and 
mill facilities, and construction and develop- 
ment programs to expand production further 
were instigated. To stimulate the production 
of molybdenum, the United States Government 
entered into a long-term contract with Climax 
Molybdenum Co. late in 1950. The contract 
was modified the following year, calling for 
still greater output. Later Climax Molybde- 
num Co. obtained another Government contract 
that called for the recovery of molybdenum 
from low-grade ores. At a result of these con- 
tracts, the company subsequently increased mill- 
ing capacity to about 28,000 tons of ore a day, 
and another addition in 1956 increased capacity 
to 32,000 tons a day. 

Several domestic use orders, designed to con- 
serve molybdenum and provide control of its 
distribution, were issued in 1951. The Inter- 
national Materials Conference Committee on 
Molybdenum and Tungsten began issuing al- 
lotments of molybdenum in the third quarter of 
1951. These international and domestic use con- 
trols were abandoned later when the supply of 
molybdenum became adequate to meet demand. 
In 1952 the United States Government an- 
nounced a molybdenum-expansion goal of 58 
million pounds of domestically produced molyb- 
denum. The expansion goal was revised up- 
ward in the same year to 70 million pounds of 
domestically produced molybdenum in 1954. 

The Molybdenite Corp. of Canada, Ltd., re- 
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opened its La Corne mine in 1951 and in 1953 
negotiated a contract with the United States 
Government for the supply of 6 million pounds 
of molybdenite at over the then prevailing 
market price. 

Although United States production of molyb- 
denum in 1955 was almost 61.8 million pounds— 
the highest in any year—the supply was tight 
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during the last part of the year. However, 
new byproduct recovery of molybdenum by San 
Manuel Copper Corp. and by Aaiean melt- 
ing & Refining Co. from its copper mines in 
Arizona, begun in 1956, and planned byproduct 
recovery by The Anaconda Eo. from its copper 
mines in Chile are expected to increase world 
output materially. 


GEOLOGY AND RESOURCES 


By S. C. Creasey 4 


SUMMARY OF RESOURCES 


Free World reserves of molybdenum are est1- 
mated at 2,500 million pounds of molybdenum. 
Of this, about 85 percent occurs in 4 deposits, 
3 in the United States and 1 in Chile (table 1). 


TaB.e 1.—Four deposits that contain 85 percent 
of the world’s molybdenum resources 


Deposit Country Major ownership 
Climax....----.--- United States__.| Climax Molybdenum Co. 
Utah Copper__....]-.-.- O02 -.c7eche Kennecott Copper Corp. 
San Manuel......-/.---- GOoccceseeuee San Manuel Copper Corp. (sub- 
sidiary of Mapina Copper Co.). 
Chuquicamata. ...| Chile._....--..-- The Anaconda Co. 


The United States alone contains about 90 
percent of the world’s molybdenum reserves and 
provides about 90 percent of the world’s pro- 
duction (fig. 1). The commercial reserves of 
the United States and Alaska are estimated at 
2,200 million pounds of molybdenum. Except 
for byproduct sources, these reserves are in ores 
that contain over 0.50 percent MoS,. Add- 
tional potential resources in the United States 
and Alaska are estimated at about 850 million 
pounds of molybdenum. Except for byproduct 
sources, the latter occur in deposits that contain 
0.25 to 0.50 percent MoS,. About 94 percent of 
these reserves occur in 5 deposits (table 2). 


Tase 2.—Five deposits that contain 94 percent 
of United States molybdenum resources 


Deposit Location Major ownership 
Climax........-.. Colorado.......- Climax Molybdenum Co. 
Utah Copper.....- Utaliccsccvecuce Kennecott Copper Corp. 
San Manuel_.-..__| Arizona. -........ San Manuel Copper Corp. (sub- 
sidlary of Magma Copper Co.). 
Morenci__.......--].---- GOicigusceses Phelps Dodge Corp. 
Orange Hill-.....- Alaska......-..- 


No other deposit contains more than 0.1 per- 
cent of the domestic resources, and the follow- 
ing porphyry-copper deposits in total contain 
only about 0.3 percent of the domestic molybde- 
num reserves: Chino, New Mexico; Nevada 
Mines, Nevada; Miami, Arizona; Bagdad, Ari- 
zona; and Silver Bell, Arizona. 

Since 1940 about 40 percent of the domestic 
production of molybdenum has come from by- 
product sources and about 60 percent from Cli- 

“Geologist, Geological Survey, U. 8. Department of the 
Interior. 
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max. For individual years, however, the ratio 
has varied considerably, as Climax has pro- 
duced as much as 75 percent and as little as 43 
percent of the total. Climax was the most pro- 
ductive during World War IT and after 1951. 
The byproduct sources, listed in order of current 
molybdenum production, follow: Utah Copper, 
Morenci, Chino, Miami, Nevada Mines, Pine 
Creek, and Bagdad. Because byproduct sources 
are not as dependent on market prices and de- 
mand for molybdenum as Climax, byproduct 
yield should be steadier as long as the demand 
and price for copper remain strong. 

The bulk of potential domestic resources is 
associated with the higher grade ores in the Cli- 
max deposit. Additional potential resources 
are in porphyry-copper deposits that, because 
of grade of copper or location, are not currently 
commercial, such as the Glacier Peak deposit, 
Washington; the Loma Prieta and Copper Hill 
deposits in Copper Basin, Arizona; and the 
Orange Hill deposit, Alaska. Additional mar- 
ginal reserves also occur in numerous small vein 
or fracture stockwork deposits in which molvb- 
denite is the principal ore mineral, such as the 
Big Ben deposit, Montana; the Hall deposit, 
Nevada; the Boy Scout and Moss-Dryden de- 
posits, North Carolina; and the Starr deposit, 
Washington. Most of these deposits have re- 
serves of only a few million pounds each, but 
additional exploration probably would increase 
them. 

The quality of information on foreign molyb- 
denum resources is variable. Some good infor- 
mation is available for Canada, Mexico, South 
America, and part of Europe, but reliable in- 
formation is not available for European Russia 
and Asia. These latter areas may have signifi- 
cant molybdenum resources. 

Production of molybdenum has been reported 
from Chile, Peru, Finland, Norway, French 
Morocco, Greece, Manchuria, Australia, Korea, 
Japan, Russia, and other countries. Based on 
production data, only the deposits in Chile, 
Mexico, Canada, and Norway are important, 
and even these deposits have little importance 
compared with domestic production. 

The molybdenum resources of Chile, Mexico, 
Canada, and Norway can be evaluated on the 
basis of the geologic occurrences of the deposits. 
Commercial reserves of the known deposits in 
these 4 countries are estimated at 300 million 
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pounds of molybdenum, of which the great bulk 
is in the Chilean porphyry-copper deposits. 
Additional deposits probably will be discov- 
ered, and it is believed that the major discoveries 
will be porphyry-copper deposits that will yield 
molybdenite as a byproduct. 


MINERALOGY AND GEOLOGY 
MINERALOGY 


Molybdenite and, to a minor extent, wulfenite 
are the commercially important minerals of 
molybdenum. Powellite and _ ferrimolybdite 
(molybdite), which are oxidation products of 
other minerals, are widespread in small quan- 
tities, but they have not been treated commer- 
cially. The physical and chemical properties 
of the principal molybdenum minerals are sum- 
marized in table 3. 

Molybdenite (MoS,) is a lead-gray, metallic 
mineral that characteristically occurs in thin, 
tabular, commonly hexagonal plates and, to a 
smaller extent, in rosettes. It has perfect basal 
cleavage and is soft and flexible but not elastic. 
Superiicially it resembles graphite, for which it 
commonly has been mistaken. 

Wulfenite (PbMoO,) isa heavy mineral with 
a resinous or adamantine luster. It ranges in 
color from a dirty white through pale yellow, 
yellow, and yellow orange to orange or orange 
red. It generally occurs in well-formed crys- 
tals, chiefly square tabular, which are some- 
times extremely thin. 

Powellite is a powdery mineral of variable 
color, including dirty white, gray, straw yellow, 
greenish yellow, pale greenish blue, blue, and 
brown. Its composition (CaMoWOQ,) is vari- 
able; tungsten substitutes for molybdenum up 


to about Mo:W=9:1. Apparently, however, a 
complete series to scheelite (CaWQ,) does not 
exist In natural material. Powellite fluoresces 
creamy yellow to golden yellow in ultraviolet 
light; this fluorescence is characteristic. 

Ferrimolybdite (molybdite) is a very soft, 
hydrous mineral of distinctive canary-yellow 
color. Its composition is probably Fe,(MoQ,)s. 
8H.,O, but the water content is uncertain and 
decreases with temperature. Dehydration is 
complete at 250° C. Ferrimolybdite occurs as 
oe powder, fibrous crusts, and tufted or 
radial fibrous aggregates. 


GEOLOGY 


Molybdenum occurs principally in four types 
of deposits: (1) Those that yield molybdenum 
alone or as the chief metal, (2) copper deposits 
that yield molybdenum as a byproduct, (3) 
contact-metamorphic tungsten deposits that 
yield molybdenum as a byproduct, and (4) 
wulfenite-bearing base-metal deposits. The 
first 2 types contain 99 percent of the known 
molybdenum resources. The last two types 
have been the most productive of numerous 
miscellaneous byproduct sources. Molybdenum 
nlso occurs in vanadiferous shales, which, al- 
though very low grade, contain total quantities 
far exceeding those of the other sources of mis- 
cellaneous byproducts. The molybdenum of 
these shales has not been included in the esti- 
mates of reserves, however, because it is ques- 
tionable whether future techniques of recovery 
and mine development will make it economical. 

The deposits that contain molybdenite as the 
sole or principal ore mineral range from quartz 
veins related to aplites and pegmatites through 
quartz veins and stockworks whose parentage 


TaB.e 3.—Physical and chemical properties of principal molybdenum minerals 


Properties Molybdenite Wulfenite Powellite Ferrimolybdite 
Composition___--.-- MOD eS eeweee Bie PbMoQ4___--. 2. Ca(Mo,W)QO4_____-- Fe2(MoO,);.8H,0. 
DOs fect percent. )00:0e2 on secs eseue Ul cietcye leer, ... .| 39-48 (approx.)_-_-. .; 39 (approx.) 
Crystal system__... | Hexagonal____------ Tetragonal__._...-- Tetragonal. __.__- -| Orthorhombic (?). 
Cleavage_________. . Perfect in 1 direction_| Perfect in4directions_| Indistinet. 2... _--- . 
Specific gravity ~ —__- 4.62-4.73__..------- OO=F0se ee eteiim ee 4.23-4.53_......-_--! 3.0 (approx.). 
COlOresewse eer d os Lead-gray...------- Ranges from grayish | Ranges from straw | Sulfur yellow. 
white through yel- vellow to dirty 
low to orange and white. 
orange red 
Tenacity._.------_-. Flexible. __.___.---- DOUG GC opt Ne SS Powdery. 
Dusters 6 cece 22 Metallic...-..-.----- Adamantine or resin- | Subadamantine — or | Silky to earthy. 
ous. pearly or greasy. 
Fracture. ..-------- NON@ 2. uss eee eeeie Uneven_.___--_--.- Uneven... celet ice None. 
Hardness !________- Dio Sys erate ie) ee CE alae Se: ee a are LY. 
Streak_.._--.------- Bluish gray on paper, | White__...---.------ WLC cc oe ck cts Pale yellow. 
greenish on porce- 
lain or glazed 
paper. 
1 Mohs’ scale. 


Google 


GEOLOGY AND RESOURCES 9 


is uncertain, to quartz veins, stockworks, and 
general silicification definitely related to spe- 
cific porphyry stocklike intrusions. 

Small quantities of molybdenite occur in 

uartz veins associated with aplites and pegma- 
tites, as well as in the aplites and pegmatites 
themselves. 

The molybdenite commonly occurs in large 
rosettes, which are valued highly as mineral 
4 set The molybdenite-bearing parts of 
these veins, however, are podlike and without 
leads to other pods, so that production usually 
stops with mining of a single pod. Deposits 
of this type have not yielded significant 
amounts of molybdenum in the past, and it is 
unlikely that they will do so in the foreseeable 
future. 

The simple quartz vein and stockwork de- 
posits are most abundant, but only a few (Cli- 
max and Urad, Colorado; Questa, New Mexico; 
and La Corne, Quebec) have yielded significant 
quantities of molybdenite. The production 
from these has been large enough to encourage 
the search for others. 

The mineralogy of these vein and stockwork 
deposits is variable. Some veins that contain 
only quartz and molybdenite have not been pro- 
ductive. Others that have been productive con- 
tain, in addition to quartz and molybdenite, 
small amounts of base-metal sulfides, pyrite 
fluorite, carbonates, and secondary silicates. 
Presumably they are related to acid hypabyssal 
or plutonic rocks, which may or may not be ex- 
posed at the surface. The Climax deposit illus- 
trates the transition both horizontally and in 
depth from a stockwork of quartz veins in 
country rock to a stockwork in and related to a 
quartz-monzonite intrusion. 

All the copper deposits with byproduct 
molybdenum are somewhat similar in origin 
and occurrence. Each consists of an acid hy- 
pabyssal intrusion and a locally mineralized 
and fractured zone that includes part or all of 
the intrusive and commonly some of the con- 
tiguous country rock. In most porphyry, 
copper deposits the fractured and brecciated 
zone resulted from deformation after solidifi- 
cation of the intrusive. The fractures, which 
commonly occur in sets, provided the “plumb- 
ing system” that guided and distributed the 
mineralizing fluids. 

The chief primary minerals of porphyry- 
copper deposits are quartz, pyrite, chalcopyrite, 
and molybdenite. In addition, minor amounts 
of other heenicall minerals, specular hematite, 
fluorite, and secondary silicate minerals are 
commonly present. Chalcocite replaces pyrite 
and chalcopyrite in the zone of secondary en- 
richment. Many copper oxide minerals, chiefly 
chrysocolla, azurite, malachite, and chalcan- 
thite, occur in the zone of oxidation. Leach- 
ing—the process used to recover copper from 
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oxidized ores—does not permit economic re- 
covery of the small quantities of molybdenum. 

The average ratio of copper to molybdenum 
in the prophyry-copper ores is estimated to be 
about 100:1. It ranges, however, from about 
50:1 to perhaps 150: 1. 

Small quantities of molybdenum are widely 
distributed in lime-silicate deposits along the 
contacts between granitic intrusive rocks and 
lime-rich sedimentary rocks. The only domes- 
tic production from this type has been as a by- 
product from the Pine Creek tungsten mine 1n 
California. The mineral assemblage of this 
type of contact deposit 1s quite simple and con- 
stant. Varying quantities of chalcopyrite, 
bornite, scheelite, pyrite, and molybdenite occur 
in a lime-silicate contact zone of garnet, diop- 
side, quartz, and a few other contact-metamor- 
phic minerals. 

In many places the size, shape, and distribu- 
tion of the ore bodies indicate that mineraliza- 
tion was controlled by preore fracturing of the 
lime-silicate rock. In some contact deposits 
more than one generation of fractures and con- 
comitant mineralization can be recognized. In 
the Pine Creek mine, for example, molybdenite 
is younger than scheelite, and distribution of 
the former is not coextensive with that of the 
latter. Molybdenite output from contact de- 
posits has been small, and it is unlikely that 
such deposits will become major producers. 

The oxidized parts of some lead-zinc deposits 
in arid and semiarid regions of the world con- 
tain wulfenite, commonly associated with vana- 
dium minerals, such as vanadinite and descloi- 
zite. The origin of these molybdenum and 
vanadium minerals is obscure. In most deposits 
the molybdenum and vanadium apparently 
were introduced after oxidation of the deposit 
because analyses of the primary vein minerals 
fail to reveal enough molybdenum and vana- 
dium to account for that present in the oxi- 
dized portions of the vein. Adjacent van- 
adium- and molybdenum-bearing shales are 
commonly accepted as the source; but in some 
deposits, such as that in the Mammoth mine, 
Arizona, such shales are not present. Produc- 
tion from this type of deposits has been small 
and is not likely to be significant in the future. 


UNITED STATES DEPOSITS 
ALASKA 
ORANGE HILL 


Orange Hill is on the east side of the Nebesna 
River about 12 miles south of the terminus of 
the Nebesna Road, a branch of the Richardson 
Highway. Molybdenum, copper, gold, and sil- 
ver minerals occur in quartz diorite adjacent to 
limestone, graywacke, and greenstone of Per- 
mian age. Molybdenite is present in many 
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quartz veins and also is disseminated as flakes 
in the quartz diorite. The deposits have been 
explored by 8 tunnels with an agaregate length 
of 225 feet and 19 diamond-drill holes totaling 
3,187 feet. 


SHAKAN, KOSCIUSKO ISLAND 


Molybdenite occurs in a vein 5.8 feet wide 
and 120 feet long in hornblende diorite that has 
been explored by 14 opencuts and 570 feet of 
tunnels. The associated sulfide minerals are 
pyrrhotite, pyrite, chalcopyrite, and sphalerite. 
Some quartz and silicate minerals are present. 


ARIZONA 


BAGDAD COPPER CORP., YAVAPAI COUNTY 


Bagdad is a porphyry-copper deposit. Mo- 
lybdenite occurs in veins associated with pyrite, 
orthoclase, and quartz and in veinlets associated 
with quartz alone. It appears to be younger 
than chalcopyrite and is only associated with 
chalcopyrite at or near vein intersections. Pro- 
duction has been reported intermittently since 
1944, 


COPPER CITIES MINING CO., GILA COUNTY 


The Copper Cities deposit, north of Miami 
in central Arizona, 1s held by a subsidiary of 
Miami Copper Co. The deposit is not yet in 
production, but it is believed that plans do not 
include a recovery unit for molybdenite. 

The Copper Cities deposit occurs in quartz 
monzonite and granite porphyry. It consists 
of primary quartz, pyrite, chalcopyrite, and 
molybdenite in veinlets and disseminated in the 
granite rock between the veinlets. Pyrite is 
the most abundant sulfide, followed by chal- 
copyrite. Molybdenite occurs with quartz in 
veinlets. 

The molybdenite content of the ore has been 
estimated at 0.004 percent, which is much lower 
than that of the other disseminated deposits in 
the district (Miami-Inspiration and Castle 
Dome). 


COPPER HILL MINE, COPPER BASIN, YAVAPAI COUNTY 


The Copper Hill mine is a porphyry-copper 
deposit in Copper Basin, 11 miles west of Pres- 
cott, Ariz. Over 1,200 feet of underground 
workings and 11 diamond-drill holes totaling 
1,475 feet explored the mineralized zone. There 
has been a small production of copper carbonate 
and molybdenite ore. 

The mineralized zone is in quartz diorite, 
which has been brecciated, altered, silicified, 
and mineralized with chalcopyrite and molyb- 
denite to form a breccia pipe almost 400 feet in 
diameter. 
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LEVIATHAN MINE, MOJAVE COUNTY 


The Leviathan mine is in the Hualapai Moun- 
tains south of Kingman, Ariz., and 32 miles 
east of Yucca. It is developed by a steeply in- 
clined shaft 265 feet deep, which is connected 
to 2 levels along the vein. 

Molybdenite and chalcopyrite occur in a 
quartz vein that strikes N. 35° E. and dips 80° 
NW. The country rock is quartz diorite. The 
vein ranges in width from 2 to 20 feet and aver- 
ages 314 feet. A parallel vein carrying molyb- 
denite crops out 450 feet northwest of the shaft, 
and 2 similar quartz veins crop out half a 
mile southeast. 


LOMA PRIETA MINE, COPPER BASIN, YAVAPAI COUNTY 


The Loma Prieta mine is a porphyry-copper 
deposit in Copper Basin about 11 miles west. of 
Prescott, Ariz, The mine is opened by a verti- 
eal shaft 414 feet deep, connected with 1,170 
feet of drifts on 4 ieee Two or three cars of 
copper sulfide ore have been produced. 

The ore consists of brecciated quartz diorite 
cemented by quartz veins carrying pyrite, chal- 
copyrite, and molybdenite. The deposit, as de- 
fined by a cutoff grade of 0.45 percent copper, 
is a vertical pipe of mineralized breccia having 
a cross-sectional area at the 400 level of 60,000 
square feet. 


MIAMI COPPER CO., GILA COUNTY 


The Miami deposit, at the town of Miami in 
central Arizona, is a porphyry-copper deposit 
from which molybdenum has been recovered as 
a byproduct since 1938. 

The occurrence of molybdenum in the Miami 
deposit is similar to that in other porphyry- 
copper deposits; molybdenite occurs in quartz 
veins associated with pyrite and chalcopyrite 
and is disseminated to a small extent in the 
country rock between the veins. 


MORENCI BRANCH, PHELPS DODGE CORP., GREENLEE 
COUNTY 


Morenci is a disseminated-copper deposit. in 
eastern Arizona not far from the New Mexico 
border. Molybdenite has been recovered con- 
tinuously since 1951. 

The Morenci deposit is entirely within 
quartz-monzonite porphyry that has been in- 
tensely argillized and sericitized. Numerous 
large to small cracks along veins break the rock 
into small, angular fragments. The veins and 
veinlets consist of quartz, pyrite, chalcopyrite, 
chalcocite (replacing pyrite and chalcopyrite), 
and small but variable amounts of molybdenite. 
The distribution of molybdenite in the ore is er- 
ratic, and the average molybdenite content is 
not known. 
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NEW YEARS EVE AND ESPERENZA MOLYBDENUM 
PROSPECTS, PIMA COUNTY 


The New Years and Esperenza molybdenum 
prospects are in the Pima mining district on the 
eastern flank of the Sierrita Mountains about 
30 miles south of Tucson, Ariz. The S. W. 
Shattuck Chemical Co. produced 31 tons of 
concentrate from the New Years Eve deposit in 
1951. 

Near the New Years Eve, the most favorable 
ground for molybdenum production is an elon- 
gated quartz “blowout” in granodiorite near a 
quartzite contact. The quartz is mineralized 
below the adit level for an exposed vertical dis- 
tance of 75 feet. Chalcopyrite and molybdenite 
occur In erratic seams and bunches in the quartz. 

The Esperenza claims are in Coporos Gulch, 
1 mile southwest of the New Years Eve mine. 
Here a silicified breccia was formed from 
quartzite and kaolinized and sericitized grandi- 
orite porphyry and diorite. Sparse chalcopy- 
rite and molybdenite occur in the silicified brec- 
cia and in quartz veins in the kaolinized rocks. 


SAN MANUEL COPPER CORP., PINAL COUNTY 


The San Manuel deposit is in southern Ari- 
zona about 40 miles north of Tucson. It was 
discovered during World War IJ and has been 
under continuous exploration and development 
since its discovery. Plans called for the re- 
covery of molybdenite, and production com- 
menced early in 1956 at an average rate of about 
35,000 tons of ore per day. 

San Manuel is a typical porphyry-copper 
deposit. The primary ore consists chiefly of 
pyrite, chalcopyrite, a small quantity of born- 
ite, and even less molybdenite in monzonite 
porphyry and contiguous rocks. There is some 
secondary enrichment; pyrite and chalcopyrite 
have been partly replaced by chalcocite. The 
molybdenite occurs with quartz in veinlets, 
some of which are younger and some older than 
quartz-chalcopyrite veinlets. 


SILVER BELL PROPERTY, AMERICAN SMELTING & RE- 
FINING CO., PIMA COUNTY 


Silver Bell is a small porphyry-copper prop- 
erty in south-central Arizona. Production be- 
gan in 1954 at the rate of 18,000 tons of copper 
annually; daily ore production is about 7,500 
tons. 

The disseminated ore is in 2 deposits, the 
Oxide and the El Tiro, separated by about 2 
miles. The deposits occur chiefly in alaskite, 
dacite porphyry, and monzonite. They appear 
to be genetically related to the monzonite, which 
is a stock and is the youngest of the intrusives. 
Primary mineralization introduced quartz, py- 
rite, and chalcopyrite, chiefly in narrow, paral- 
lel veins and veinlets. To a small extent, pyrite 
and chalcopyrite are disseminated between the 
veins. The veins range in width from paper 
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thin to several inches and in spacing from inches 
to several feet. The limits of the ore are con- 
trolled by the spacing of the veins. Not much 
information is available on the occurrence of 
the molybdenite. Presumably its occurrence is 
similar to that of the chalcopyrite, chiefly in 
veins and veinlets, and to a smaller extent dis- 
seminated in the ore between veins. 


CALIFORNIA 


PINE CREEK MINE, U. S. VANADIUM CORP., INYO 
COUNTY 


The Pine Creek mine is near the crest of the 
Sierra Nevada west of Bishop, Calif. The mine 
is opened to a depth of 2,250 feet. It produced 
intermittently from 1917 to 1936 and contin- 
uously since 19389. Output in 1955 was at the 
rate of about 500 tons per day. 

The mine is near the north end on the west 
side of the Pine Creek pendant in a contact 
zone between marble and intrusive granite and 
quartz diorite. The contact zone consists 
mainly of garnet-diopside tactite but includes 
quartz and quartz-feldspar rocks. Thicker 
portions of the contact zone constitute the 
tungsten ore bodies. The upper third of the 
ore zone contained about 0.6 percent molyb- 
denum, about 0.2 percent copper, and 0.45 per- 
cent WO;. The molybdenum content de- 
creased with depth and is much less important 
in the lower workings. The lower tunnel level, 
which 1s about 1,500 feet lower than the lowest 
working level of the mine, encountered tung- 
sten ore carrying a small amount of 
molybdenite. 


COLORADO 
CLIMAX MOLYBDENUM CO., LAKE COUNTY 


The Climax deposit is 1 mile east of Fremont 
Pass in Lake County about 100 miles west of 
Denver and 13 miles north of Leadville. The 
ore is mined by block caving and taken directly 
to the mill through two main haulage tunnels. 

In the vicinity of the Climax deposit Tertiary 
dikes and stocks cut Paleozoic sedimentary 
rocks, Precambrian crystalline schists of the 
Idaho Springs formation, and the Precambrian 
Silver Plume granite. The Tertiary stock 
(Climax porphyry stock), which is associated 
with the Climax deposit, is quartz monzonite. 
In the area of the deposit the Climax porphyr 
stock does not crop out, but it has been well 
exposed by underground openings. The rock 
overlying the stock, chiefly Silver Plume gran- 
ite, was intensely silicified to form a domical 
cap of quartz rock to which the ore is peripheral. 

he wall rocks and the Climax stock in the ore 
zone were closely fractured, presumably durin 
Laramide or later time. ineralization o 
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these channels formed a close stockwork of 
veinlets that average an eighth to half an inch 
in width. The rock between the veinlets in the 
ore zone was also intensely mineralized, pre- 
sumably by diffusion through minute fractures 
and pore spaces. Three types of veins have 
been recognized. They are listed below, with 
the minerals found in them: 


Molybdenite-quartz veins: 


Quartz Sericite 

Molybdenite Orthoclase 

Pyrite Fluorite 
Pyrite-topaz-quartz veins: 

Quartz Galena 

Pyrite Sphalerite 

Topaz Rhodochrosite 

Hitibnerite sericite 

Chalcopyrite Fluorite 
Sericite and topaz veins: 

Sericite Kaolinite 

Topaz Montmorillonite 


These minerals also occur in the altered wall 
rocks. 

The shape of the ore zone is irregular in three 
dimensions. In plan on the upper levels it was 
shaped like a doughnut, with the quartz rock 
in the center; but on the lower levels, where the 
volume of quartz rock is less and more Climax 
poner iS aes the ore zone loses its regu- 

arity. On all levels the area of ore is most 
impressive. 


GOLD HILL MINE, GUNNISON COUNTY 


The Gold Hill mine is on the western flank 
of the Sawatch Range, 10 miles north of Pitkin 
and 5 miles south of Tincup, Gunnison County, 
Colo. 

Gold Hill consists of Precambrian gneissic 
quartz monzonite, flanked on the northeast and 
southwest by lower Paleozoic sedimentary rocks 
that are cut by porphyritic intrusives of Lara- 
mide age. The ore occurs in veins, nearly all of 
which are in the Precambrian quartz monzonite, 
although a few extend into the Cambrian 
quartzites. The veins are relatively short fis- 
sures filled by quartz that contains some pe 
and small amounts of hibnerite, molvbdenite, 
and chalcopyrite. The strongest molybdenum- 
bearing veins strike nearly east, and _ the 
tungsten-bearing veins strike northeast. 
Molybdenite is also present in a group of north- 
northwest veins that appear to be related to 
two strong faults with the same trend. 


URAD MINE, CLEAR CREEK COUNTY 


The Urad mine of the Molybdenum Corpora- 
tion of America is on the southern slope of Red 
Mountain, about 114 miles from U.S. Highway 
40, a few miles southwest of Berthoud Pass. 
The lower tunnel and mill are at an altitude of 
10,110 feet. These are connected by a 1,100-foot 
raise to upper workings at 11,200 to 11,400 
feet altitude. 
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Molybdenite occurs in vein systems in altered 
granite close to the walls of a small stock of 
rhyolite porphyry. These vein systems rim the 
southern contact of the rhyolite stock and dip 
45° to 60° northward, penetrating the por- 
phyry body. An altered zone well exposed at 
the surface encircles the rhyolite stock, but mo- 
lybdenite has been found only on the south side. 
The vein systems on the south side form essen- 
tially a stockwork of subparallel veins and sub- 
sidiary fractures in the workings above 11,000 
feet. The main east-west veins, which are 
more or less parallel, are several feet wide and 
contain rich concentrations of molybdenite in 
subsidiary fractures in the hanging and 
foot walls. 


MONTANA 


BIG BEN (NEIHART) MOLYBDENUM DEPOSIT, CASCADE 
COUNTY 


The Big Ben molybdenum deposit is in the 
Neihart mining district, Cascade County, Mont., 
about 21% miles airline northeast of the town 
of Neihart. 

The development work consists of 2 adits, 275 
and 310 feet long, and about 500 feet of surface 
trenches. Four diamond-drill holes aggregat- 
ing 1,385 feet were sunk in 1944. Ore has not 
been shipped from the property. 

The rocks in the area include Precambrian 
gneisses and schists, a partly gneissoid diorite, 
and two types of younger porphyries of un- 
known age. The molybdenite and associated 
gangue minerals, chiefly pyrite and quartz, oc- 
cur in a stockwork and as disseminations in the 
rock, which is locally silicified and, to a smaller 
extent, kaolinized in the mineralized zone. In 
general, the silicified zones contain the most 
molybdenite. The shape of the mineralized 
zone that contains the most molybdenite is 
thought to be elliptical in plan and to have 
nearly vertical sides. 


NEVADA 
HALL (LIBERTY) MOLYBDENUM PROPERTY, NYE COUNTY 


The Hall deposit is in the San Antonio Moun- 
tains (sometimes called the Liberty Moun- 
tains), Nye County, Nev., about 20 miles north 
of Tonopah. Development work consists of an 
inclined shaft 310 feet deep and 3 connecting 
levels of drifts and crosscuts. 

Limestone, which locally is silicified, uncon- 
formably overlies mica schist and _ sericitic 
quartzite in the vicinity of the Hall deposit. 
All three units are intruded by a small alaskite 
stock. Quartz veins occur in the border of the 
alaskite stock and in the mica schist near the 
contact with the stock, but molybdenite occurs 
only in the veins in the mica schist, and to a 
smaller extent in those along the contact be- 
tween the schist and the stock. ; 
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Andesite dikes, in part paralleling the min- 
eralized zone, are definitely later than the min- 
eralization. 


NEVADA MINES DIVISION, KENNECOTT COPPER CORP., 
WHITE PINE COUNTY 


Nevada Mines is in eastern Nevada near Ely. 
The company concentrator at McGill also treats 
the ores m Consolidated Coppermines’ 
Emma-Nevada deposit, which joins the Copper 
Flat ore body of Nevada Mines on the west and 
is really the westward extension of it. Nevada 
Mines has been a consistent producer of copper 
since 1908, but molybdenum recovery dates only 
from 1941. 

Nevada Mines is a porphyry-copper deposit 
that consists of quartz-monzonite stocks miner- 
alized with quartz-pyrite-chalcopyrite veinlets 
and disseminated pyrite and chalcopyrite. 
Molybdenite only occurs in minor amounts in 
the quartz veinlets and as “smears” along frac- 
ture surfaces. 


NEW MEXICO 


CHINO MINES DIVISION, KENNECOTT COPPER CORP., 
GRANT COUNTY 


The Chino porphyry-copper deposit is at 
Santa Rita in southwestern New Mexico. It 
produces about 23,000 tons per day of ore that 
averages a little better than 1 percent copper 
and a small amount of molybdenum. 

The ore consists of shattered and brecciated 
quartz-diorite and granodiorite, mineralized 
with quartz, sericite, and sulfide minerals. The 
sulfides, which are in veins and disseminated be- 
tween veins, consist of pyrite, chalcocite, chal- 
copyrite, and small amounts of molybdenite 
and bornite. 


QUESTA MINE, MOLYBDENUM CORPORATION OF AMER. 
ICA, TAOS COUNTY 


The Questa deposit is in a tributary of the 
Red River about 7% miles east of the town of 
Questa. Production in 1944 was 50 tons per 
day of ore that was hand-sorted to 3 to 4 percent 
MoS.. Mine ore varies from 2 to 15 percent 
ee concentrate contains about 80 percent 
Mo 20 

The Questa deposit is a typical fissure-vein 
deposit and the only one of its kind known to 
have produced appreciable amounts of molyb- 
denite. In the vicinity of the deposit an albite 
granite intrudes Precambrian schist and a series 
of sedimentary and volcanic rocks of uncertain 
age. The veins are in the granite in a zone not 
over 100 feet across immediately below the con- 
tact with the schist, but small seams of molyb- 
denite occur over a much greater width. The 
veins branch and die out in the overlying al- 
tered schist and shaly sedimentary rock. 
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NORTH CAROLINA 


BOY SCOUT AND MOSS-DRYDEN (HOLLISTER) MOLYB- 
DENUM PROSPECTS, HALIFAX COUNTY 


The Boy Scout and Moss-Dryden molybde- 
num prospects are in Halifax County, north- 
eastern North Carolina, 15 miles west of Enfield 
and 21 miles southeast of Warrenton. 

The deposits occur as veins in a small gran- 
itic body near the eastern edge of the Piedmont 
province. Vein material consists of quartz, 
molybdenite, pyrite, and small amounts of chal- 
copyrite and fluorite. The 2 known mineralized 
zones (Boy Scout and Moss-Dryden) are about 
2 miles apart at either end of the granitic mass. 
The veins are in granite but near the contact 
with overlying foliated rocks. 

In the Boy Scout prospect are several well- 
defined veins, of which the Jones vein (about 
1,000 feet long) is the strongest. Much of the 
molybdenite is contained, however, in numerous 
short \veins that appear to form a network of 
connecting veins along the plunging nose of 
the granitic body. In the Moss- ryden pros- 
pect the Dryden vein is the strongest. It has a 
strike length of about 1,800 feet. 


UTAH 


UTAH COPPER DIVISION, KENNECOTT COPPER CORFP., 
SALT LAKE COUNTY 


Utah Copper is at Bingham in east-central 
Utah. Itis the largest porphyry-copper deposit 
in the United States and the second largest pro- 
ducer of molybdenum. Utah Copper mills 
about 90,000 tons of ore a day that contains 
about 1 percent copper and a small quantity of 
molybdenum. 

The host rock at Bingham is a monzonite 
porphyry. The ore consists of quartz and sul- 

des in veinlets cutting the porphyry and dis- 
seminated between the veinlets. The most 
abundant py and secondary minerals are 
chalcopyrite, chalcocite, covellite, bornite, py- 
rite, magnetite, and quartz. Molybdenum 
occurs in small amounts, chiefly in quartz veins. 


WASHINGTON 
GLACIER PEAK, SNOHOMISH COUNTY 


Glacier Peak is in sec. 10, T. 31 N., R. 15 E., 
Snohomish County, Wash. It is reached from 
Darrington by 30 miles of dirt road and 12 miles 
of pack trail. The deposit has been explored 
by 6 tunnels that total 900 feet in length and by 
36 diamond drillholes totaling 20,500 feet. 
There has been no mining. 

Glacier Peak is a small porphyry-copper de- 
posit containing copper and molybdenum min- 
erals disseminated through granitic rocks and 
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in quartz veinlets. The sulfide minerals are 
chalcopyrite, pyrite, molybdenite, and pyr- 
rhotite. 


STARR (TONASKET) MOLYBDENUM MINE, OKANOGAN 
COUNTY 


The Starr molybdenum mine, Okanogan 
County, Wash., is about 5 air-line miles west of 
Tonasket in the north-central part of the State. 
The mineralized zone has been explored to a 
depth of 250 feet by means of 3 adit levels, 1 
sublevel, and a raise that connects 2 of the adits 
and the sublevel. In all, there is about 2,700 
feet of underground workings. 

The country rock is a_biotite-hornblende 
granodiorite. The mineralized zone is _ brec- 
ciated and stands nearly vertical in the gran- 
odiorite. The brecciation may have resulted 
from jointing and local intense fracturing along 
intersecting faults. 

The granodiorite in the breccia zone is more 
or less intensely silicified. Quartz veins and 
irregular stringers and blebs of vein quartz are 
common throughout the zone. Molybdenite and 

yrite occur in veinlets and as disseminated 
Hales and grains in the silicified granodiorite. 


FOREIGN DEPOSITS 


ASIA 


The size and rate of growth of the molyb- 
denum industry in Asia (including all of the 
Soviet Union) are unknown. The Bureau of 
Mines Minerals Yearbook for 1947 states that 
Soviet production was reported to have in- 
creased fourfold between 1940 and 1945 and that 
additional plans called for doubling the 1945 
production by 1950. The Kounrad porphyry- 
copper deposit near Lake Balkhash is suspected 
to account for the bulk of the proposed increase 
in production and for the bulk of the known 
molybdenum resources. The Tyrny-Auz tung- 
sten-molybdenum deposit in the North Cauca- 
sus 1s the second largest known source, but the 
potential of this type of deposit is small com- 

ared with that of porphyry-copper deposits. 

evelopment was also underway on at least five 
other molybdenum deposits in the Soviet Union, 
according to the 1947 Minerals Yearbook. Un- 
til further information on deposits in Asia is 
available, any attempt to estimate its molyb- 
denum resources is idle speculation. It should 
be emphasized, however, that we have no basis 
for assuming that the ultimate production po- 
tential is low. The existence of porphyry- 
copper deposits suggests that Asia may have 
considerable molybdenum resources. 


CANADA 


Molybdenum production in Canada has been 
from vein-type deposits. During World War 
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II, production reached a peak of about 1,120,000 
pounds a year under the stimulation of Gov- 
ernment support. Subsequently production de- 
clined, and only the La Corne deposit, Abitibi 
County, Quebec, has remained in production. 
The known molybdenum resources of Canada 
are small and will remain so as long as the only 
molybdenum reserves are in vein deposits. 


MEXICO 


Before 1947 Mexico produced substantial 
quantities of molybdenum, which, from 1940- 
47, amounted to about 3 percent of the world 
supply. This came chiefly, 1f not wholly, from 
the Cananea deposit, and cessation of molyb- 
denum production from this deposit coincided 
Saat with depletion of the famous Colorado 
ore body, which contained substantial quantities 
of molybdenite. No other major sources of this 
metal are known in Mexico. 


NORWAY 


Molybdenum production from Norway comes 
largely from the Knaben mine, which includes 
several different localities. Through 1950, this 
mine had produced about 9,900 tons of molyb- 
denite concentrate, as compared with 1,100 
tons for all other deposits in Norway. Concen- 
trating capacity of the Knaben plant is about 
800 tons per year. 

At Knaben molybdenite occurs in poorly de- 
fined veins and as disseminated flakes oriented 
parallel to foliation of gneissic rocks. Associ- 
ated introduced minerals include minor quan- 
tities of pyrite, other sulfides, silicates, tung- 
states, calcite, fluorite, apatite, and magnetite. 

Reports of the grade of the Knaben ore dif- 
fer; early reports set the grade at 0.25 to 0.50 
percent molybdenite, whereas more recent ones 
indicate 0.15 to 0.20 percent. Probably the ore 
mined during the early years of the deposit was 
of higher grade. This type of deposit charac- 
teristically does not contain large measurable 
reserves; however, possible ore reserves are 
large, though of low grade. 


SOUTH AMERICA 


Chile is the major producer of molybdenum 
outside the United States. The Braden por- 
phyry-copper deposit supplies almost the en- 
tire production, but the future promise for ad- 
ditional molybdenum from other porphyry- 
copper deposits, such as Chuquicamata, is great. 

Mining in the Chuquicamata deposit is pro- 
gressing from the oxidized ores, where recovery 
of small amounts of molybdenum is not feas- 
ible, to sulfide ores, where it is. Molybdenite is 
known to occur in the sulfide ores, and the large 
reserves at Chuquicamata constitute a major 
resource of molybdenum. 
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It is not known whether the recently dis- 
covered porphyry-copper deposits at Toquepala, 
Quellaveco, and Caujone, all in Peru and all to 
be exploited by the Southern Peru Copper 
Corp., do or do not contain molybdenite, but 
the Spbeapeer| re is that they do. Because pro- 
duction will be largely from sulfide ores where 
recovery of molybdenite is feasible and because 
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the combined ore reserves of the 3 deposits have 
been estimated at 1,000 million tons, these de- 
posits constitute a major potential resource of 
molybdenum. 

Additional porphyry-copper deposits prob- 
ably will be discovered: in South America, and 
it is also probable that some if not most of these 
will produce byproduct molybdenite. 


SUPPLY—DEMAND 


Only in war periods has the supply of molyb- 
denum been less than demand, and then the 
shortage was due to its being substituted for 
alloying elements that were in more critical 
supply and to inability to increase mine and 
mill capacity quickly to keep pace with higher 


deman 
SUPPLY 


Molybdenum supply is derived both from ore 
mined chiefly for molybdenum and as a by- 
product from copper and tungsten ores. Of the 
estimated total supply of molybdenum through 
1955, the United States produced 87 percent, 
Chile 3 percent, Mexico 2 Po and Norway 
1 percent; the remaining 7 percent was mostly 
produced in Canada, Yugoslavia, Australia, 
Japan,and Peru. Approximately 65 percent of 
the supply comes from mines operated chiefly 
for molybdenum, and 35 percent is recovered 
as a byproduct from copper and tungsten ores. 


UNITED STATES 


In 1955 seven firms operating mines in Colo- 
rado, Utah, Arizona, New Mexico, California, 
and Nevada comprised the molybdenum-mining 
industry of the United States and produced 
92 percent of the total] estimated world output. 
During the first half of 1956 two new firms 

San Manuel Copper Corp. and American 
melting & Refining Co.) began byproduct re- 
covery of molybdenum from their copper mines 
in Arizona. United States firms producing 
molybdenum in 1956 were: | 


Climax Molybdenum Co., 500 Fifth Ave., New York, 
N. Y 


Kennecott Copper Corp., 161 East 42d St., New 
York, N. Y. 

Phelps Dodge Corp., 40 Wall St., New York, N. Y. 

Union Carbide Nuclear Co., a division of Union 
Carbide & Carbon Corp., 30 East 42d St., New 
York, N. Y. 

Miami Copper Co., 61 Broadway, New York, N. Y. 

Bagdad Copper Corp., Bagdad, Ariz. 

Molybdenum Corp. of America, 500 Fifth Ave., New 
York, N. Y. 

San Manuel Copper Corp., San Manuel, Ariz. 

American Smelting & Refining Co., 120 Broadway, 
New York, N. Y. 


Only 2 of these firms operated mines chiefly 
for molybdenum, 6 recovered molybdenum as a 
byproduct from copper ores, and 1 recovered 
molybdenum as a byproduct from tungsten ores. 


MINES 


Only the Climax mine of Climax Molyb- 
denum Co. in Colorado and the Questa mine of 
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Molybdenum Corporation of America in Taos 
County, N. Mex., are ean chiefly for 
molybdenum. Although the latter has been in 
continuous production since 1923, it has been 
a small producer, and ore reserves in 1955 
were believed to have been very small and 
unimportant. 

Climax Mine——The Climax deposit, in Lake 
County, Colo., is by far the world’s ace 
known molybdenum ore body. The deposit has 
a barren, conelike core above the Phillipson 
level that enlarges with depth, and the molyb- 
denite content fades sharply out toward the 
core and fades out gradually toward the outer 
edge of the deposit. 

According to Climax Molybdenum Co.: ° 

Ore reserves at Climax amount at present (1955) to 
some 330,000,000 tons. About three quarters of this 
tonnage is above our traditional commercial cutoff 
grade. The balance, although of somewhat lower 
grade, will be profitable. This tonnage should pro- 
duce something like 1,600,000,000 pounds of molybde- 
num. 

What are considered to be ore reserves is basically 
a function of the difference between the market price 
of the product and all costs of its extraction, treat- 
ment and sale. When this difference has been deter- 
mined for ore of various grades, an appropriate cutoff 
grade can be selected below which mining is considered 
uneconomic. Material of a grade higher than cutoff 
constitutes ore reserves, while lower grade materials 
are not included or regarded as reserves. 

This ore also contains small values of tungs- 
ten, pyrite, and tin, which are recovered as by- 
products. These byproduct values are believed 
to be considered in determining the cutoff grade 
of ore; therefore, changes in the costs of recov- 
ering the byproducts and their market values 
might also affect the future economic reserve of 
the deposit. 

Molybdenum production capacity is governed 
by the grade of headfeed and capacity of the 
milling and flotation sections. The grade of 
ore mined can be varied within wide limits by 
selective mining. The company now blends 
ore from the two mine levels to obtain a uni- 
form headfeed. In 1956 the rougher circuit of 
the mill consisted of 15 separate units with a 
combined rated ore capacity of 32,000 tons per 
day. Another unit with a rated capacity of 
4,000 tons per day was being installed and ex- 
pected to be in operation early in 1957. This 
rated mill capacity can be varied rather widely 
in actual practice, depending on the fineness of 
the grind. A much larger ore tonnage could be 
milled daily by coarser grinding and the total 


5 Climax Molybdenum Co., Annual Report to the Stockhold- 
ers: 1955, p. 4. 
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amount of molybdenum recovered per day in- 
creased, but the result would be a deorease in 
overall recovery of the molybdenum content per 
ton of ore. This practice was followed durin 
World War II, along with selective mining o 
higher grade ore, and the company materially 
increased its molybdenum output during that 
time. However, such a practice does not lend 
itself to conservation of the ore deposit or to 
the maximum feasible recovery of the molyb- 
denum content of the ore mined. Finer grind- 
ing of the ore probably would increase the over- 
all molybdenum recovery and might permit 
utilization of ore not now considered of com- 
mercial grade. This flexibility permits the 
company to adjust its molybdenum output up 
or down by perhaps several million pounds 
annually in response to demand. 

During the years 1941-55, 56 percent of the 
estimated world supply and 63 percent of the 
United States production of molybdenum was 
derived from the Climax mine; however, the 
ratio between output from this mine and world 
supply and United States production in 1955 
had increased to 64 and 70 percent, respectively. 


BYPRODUCT 


Since inauguration of the recovery of molyb- 
denum as a byproduct from copper ores in 1936, 
this source has become increasingly important 
in the overall molybdenum supply. In 1955 ap- 
proximately 30 percent of the United States 
production was derived as a byproduct from 
copper and tungsten ores. The relationship be- 
tween molybdenum recovered as a byproduct 
and molybdenum mine output in the United 
States during 1936-55 is shown in figure 14 
(p. 43). 

Probably over a third of commercial molyb- 
denum resources is in copper deposits where 
the ratio of copper to molybdenum ranges from 
perhaps 50:1 to 150:1. This ratio and re- 
sources are discussed in the section on Geology 
and Resources. Molybdenum was not being 
recovered from some of the copper deposits in 
1955, and therefore there are opportunities to 
increase byproduct production, although prob- 
ably at moderate additional costs. 

Comparative data between production costs 
of byproduct molybdenum and molybdenum 
produced from mines in which it is the chief 
commercial product are not available. The dif- 
ference in costs in producing molybdenum 
from the two sources may not be great because 
of the special flotation processes necessary to ef- 
fect separation of molybdenite from the copper 
concentrate. The rather wide variation in 
molybdenite content of molybdenum-bearing 
copper ores may also cause costs of byproduct 
recovery to vary between deposits. 
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FOREIGN 


CANADA 


Although Canada has been an intermittent 
source of molybdenum since the early part of 
the 20th century, production has been small. In 
1955 all molybdenum production in Canada, 
amounting to three-quarter million pounds, was 
derived from the Molybdenite Corporation of 
Canada, Ltd., La Corne mine in Quebec. This 
mine is operated chiefly for molybdenum; bis- 
muth is recovered as a byproduct. Milling ca- 
pacity was increased from 450 tons to 540 tons 
per day in 1955, and a further increase to 600 
tons per day was scheduled for 1956, which 
would probably raise the annual molybdenum 
output to about 1 million pounds. 

re reserves of the La Corne deposit are not 
believed to be large, but other molybdenum oc- 
currences are known in many parts of Canada; 
some of them may prove to be economic. 


CHILE 


The only source of molybdenum in Chile 
through 1955 was that recovered as a byproduct 
of copper ore from the Braden Copper Co. El 
Teniente Copper mine near Sewell This by- 

roduct recovery, initiated in 1939, has made 

hile the second largest producing country. 
Average annual production during 1950-55 was 
approximately 3 million pounds. 

Early in 1956 The Anaconda Co. announced 
plans for recovering molybdenite from copper 
ores mined at Chuquicamata and at El Salva- 
dor (formerly Indio Muerto). Although the 
annual expected recovery of molybdenum from 
these copper ores has not been announced, it 
provanly will be much more than that recovered 

rom the El Teniente mine. 


NORWAY 


Most of Norway’s molybdenum output has 
been derived from the Knaben mine. Molyb- 
denum has been produced from this mine since 
the beginning of the molybdenum industry. Its 
production has never been large, and ore re- 
serves are believed to be small and of low grade. 
No other molybdenum mines were being oper- 
ated in Norway in 1956. 


SECONDARY 


Although molybdenum-bearing scrap is an 
important source of molyhdenum, data on the 
quantity recovered are not available, and no 
comparison can therefore be made between pri- 
mary and secondary supplies. 

The major sources of secondary molybdenum 
are molybdenum-bearing high-speed steel scrap, 
low-alloy iron and steel scrap, and molybdenum 
metal scrap. High-speed steel scrap contain- 
ing up to 9 percent molybdenum is commonly 
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used in furnace charges at plants producing 
high-speed steels. Molybdenum-bearing, low- 
alloy iron and steel scrap normally contains 
less than 0.5 percent molybdenum; and although 
much of the scrap is added to alloy furnace 
charges, large tonnages are also used 1n carbon- 
steel furnace charges where the molybdenum 
content is diluted to a residual and lost to the 
secondary supply. Because of the compara- 
tively small quantity of molybdenum metal 
produced, process scrap from this source has 
not been a major factor in the overall secondary 
supply, but it has been an important source of 
molybdenum for the production of high-tem- 
perature alloys. 

Molybdenum-bearing, high-temperature al- 
loy scrap probably will become an increasingly 
important secondary source of molybdenum as 
its use in these alloys increases. The Federal 
Bureau of Mines is investigating economic re- 
covery of molybdenum and other alloying ele- 
ments from high-temperature alloy scrap. 

Only immediately after termination of 
World War I (1914-18) and World War II 
(1940-45) has the supply of secondary molyb- 
denum contributed to the curtailment of pri- 
mary production. 


CAPABILITIES 


About a third of the molybdenum supply is 
derived from copper mines, where production 
is primarily related to the supply and demand 
for copper rather than for molybdenum. 
Should the demand for EOD Ee remain high, 
byproduct output will doubtless continue at a 
steady pace; and, if demand for copper should 
drop, byproduct output of molybdenum would 
drop also. Therefore, short-run supply adjust- 
ments to meet changing market situations for 
molybdenum are largely limited to those mines 
that yield molybdenum as their chief product. 

Since 1950 the ratio of byproduct production 
to direct mine production has decreased because 
of the large expansion programs at the Climax 
mine; but with research constantly eee 
molybdenite recovery at byproduct plants an 
with new byproduct producers entering the 
molybdenum supply, the relative contribution 
of byproduct molybdenum to total supply may 
tend to increase in the future. 

Ability to expand production from both 
sources appears to assure an adequate supply 
of molybdenum for many years, except possibly 
war emergencies when abnormal quantities 
would be required. Such extraordinary re- 
quirements could probably be met through a 


stockpile program. 
PRODUCTS 


As virtually all molybdenite concentrates are 
converted to molybdenum trioxide, which is the 
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raw material for a wide range of other products 
required by end users, the ability to manufacture. 
these commodities is an important phase of the 
supply picture. The United States is by far 
the world’s largest producer, and capacity to 
supply virtually all of the products is believed 
to be ample to meet peacetime needs. However, 
as demand for specific products increased 
rapidly, temporary shortages in production 
capacity developed, but industry quickly re- 
sponded by increasing capacity. The principal 
firms manufacturing molybdenum products in 
the United States and some of the commodities 
produced are: 


Molybdic oride 


Firm Location of plant 
Climax Molybdenum Co__ 2 Langeloth, Pa. 
J. T. Buker Chemical Co _____- Phillipsburg, N. J. 


Molybdenum Corporation of Washington, Pa. 
America. 
Republic Steel Corp___---____- Canton, Ohio. 
S. W. Shattuck Chemical Co... Denver, Colo. 
Union Carbide Nuclear Co., a Bishop, Calif. 
division of Union Carbide & 
Carbon Corp. 
Miami Copper Co. _-..----- Miami, Ariz. 


Ferromolybdenum 


Climax Molybdenum Co___.___ Langeloth, Pa. 
Molybdenum Corporation of Washington, Pa. 
America, 


Molybdenum metal 


Climax Molybdenum Co__---- Langeloth, Pa. 
Electro Metallurgical Co., a di- Niagara Falls, N. Y. 
vision of Union Carbide & 


Carbon Corp. 
Fansteel Metallurgical Corp.._._. North Chicago, Ill. 
General Electric Co_.-------_- Cleveland, Ohio. 


North American Philips Co., Lewiston, Maine. 
Ine. 

Westinghouse Electric Corp_-._. Bloomfield, N. J. 

Molybdenum Corporation of Washington, Pa. 
America. 


Ammonium molybdate 


Climax Molybdenum Co__.-.._ Langeloth, Pa. 

General Chemical Division, Marcus Hook, Pa. 
Allied Chemical & Dye Corp. 

General Electric Co_-----..__- Cleveland, Ohio. 

J. T. Baker Chemical Co____-- Phillipsburg, N. J. 


Molybdenum Corporation of York, Pa. 
America. 

S. W. Shattuck Chemical Co... Denver, Colo. 

Westinghouse Electric Corp_..._ Bloomfield, N. J. 


Sodium molybdate 


Climax Molybdenum Co_- ~~~. Langeloth, Pa. 

General Chemical Division, Marcus Hook, Pa. 
Allied Chemical & Dye Corp. 

J.T. Baker Chemical Co __--_-_ Phillipsburg, N. J. 

Molybdenum Corporation of York, Pa. 
America. 

The Hilton Davis Chemical 
Co. Division, Sterling Drug, 
Ine. 

S. W. Shattuck Chemical Co____ Cincinnati, Ohio. 


Denver, Colo. 
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ee producers of molybdenum products 
depend largely on imports of concentrate to 
meet their needs. Some of these firms follow: 

Gebr. Boehler 

Kapfenberg, Styria, Austria 

Metallwerke Plansee 

Reutte, Tyrol, Austria 

High Speed Steel Alloys, Ltd. 

Widnes, Lancushire, England 

Minworth Metals, Ltd. 

Birmingham, Bngland 

Murex, Ltd. 

Rainham, Essex, England 

Badische Wolframerz-Gesellschaft m. b. H. 

Braden, Germany 

Herman C. Starck 

Gosler, Germany 

Soe. P. Azioni Leghe e Metalli 

Genoa, Italy 


Tokyo Tungsten Co. 
Aoto Works 
Tokyo, Japan 


Tokyo Shibura Electric Co. 
Sunamachi Works 

Tokyo, Japan 

Aktiebolaget Ferrolegeringar 
Trollhattan, Sweden 


Gullspangs Elektrokemiski Aktiebolaget 
Gullspangs, Sweden 


DEMAND 


World conditions, level of industrial activity, 
assurance of supply, research, and the price of 
molybdenum are factors in determining de- 
mand. Past demand reached peaks during 
emergencies and in time of high industrial ac- 
tivity. An adequate supply, coupled with re- 
search, led to molybdenum replacing in part 
other elements that were either in short supply 
or priced higher. 


WARTIME 


Because of greatly increased ferrous alloy 
production, higher alloy content, and inter- 
changeability, demand for molybdenum during 
past war emergencies increased tremendously 
over peacetime demand. As shown in figure 2, 
United States molybdenum consumption in 
1942 reached a high of over 56 million pounds 
and as related to alloy steel production was 4.89 

ounds of molybdenum per ton of steel pro- 
qluced: The decreased quantity of molybdenum 
consumed per ton of alloy steel produced in 
1943-44 probably was due to changes in the 
types of alloy steels produced and to a shortage 
in molybdenum supply that caused it use to be 
restricted. 

The more favorable supply position of molyb- 
denum than alloying elements, such as chrom- 
ium, nickel, and tungsten, during World War 
II was a main factor in changing many of the 
alloy mixes to conserve those more critical ele- 
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ments. Development of the triple alloy steels 
and substitution of molybdenum for tungsten 
are discussed in the section on Forms, Proper- 
ties, and Uses (p. 51). 

Although the demand for molybdenum in 
nonferrous alloys, as metal, and in nonmetallic 
applications was comparatively small, it also 
increased as the element was used more ex- 
tensively in electronics and in catalysts, pig- 
ments, and other applications to meet wartime 
requirements, 


PEACETIME 


Assurance of molybdenum supply, level of 
steel production, research, and the price of 
molybdenum have been factors in determining 
the peacetime demand for molybdenum. 

Early in the 1920's, when a steady supply of 
molybdenum had been assured and research had 
determined that it was a comparatively cheap 
and effective alloying element, it was adopted 
for use in ferrous alloys for peacetime appli- 
cations. From this beginning the peacetime 
demand for molybdenum as an alloying ele- 
ment grew rapidly, and by 1935 world demand 
for its use in ferrous alloys probably exceeded 
10 million pounds. Continued research by Gov- 
ernment and industry proved the value of 
molybdenum as a partial replacement for tungs- 
ten in high-speed tool steels and other special 
alloy steels. Following the close of World War 
II in 1945 these steels were widely accepted for 

eacetime uses. During 1946-49 the United 
States consumption of molybdenum averaged 
over 20 million pounds annually. It is esti- 
mated that about 90 percent of the molybdenum 
consumed during the postwar years 1946-55 
was used in ferrous alloys. As given in table 
13 (p. 58), molybenum-bearing alloy steels pro- 
duced in the United States have increased from 
a low of 27 percent in 1947 to 43 percent in 1955 
of the total alloy steels produced, other than 
stainless. Although this increase was partly 
due to the rearmament program, which got 
underway in 1950, the big increase in automo- 
tive production, where large quantities of 
molybdenum-bearing alloy steels are consumed, 
was also a major factor in raising the demand 
for the molybdenum steels. 

The scarcity of tungsten during World War 
II (1940-45), which made it necessary to sub- 
stitute molybdenum in part for tungsten in 
high-speed and other tool steels, was perhaps 
mostly responsible for its continued use 1n these 
steels during peacetime when the supply of 
tungsten became adequate. The experience 
gained in using molybdenum-type steels, which 
proved the value of molybdenum as a substi- 
tute for tungsten and its more favorable price, 
coupled with the comparative alloying effect 
of the two elements, caused the molybdenum- 
type high-speed steels to be widely accepted for 
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POUNDS 


TOTAL CONSUMPTION OF 
MOLYBDENUM —~ POUNDS 


1940 1942 1944 1946 


1948 


950 i952 (954 1956 


Ficure 2.—Relationship Between United States Molybdenum Consumption and Alloy-Steel Production. 


peacetime applications. The use of molybde- 
num-type high-speed steels in the United States 
during 1944-55 is given in table 14 (p. 59). 
Tungsten was again in short supply during 
1950-53, and use controls in the United States 
required more extensive use of molybdenum- 
type high-speed steels. Even though these con- 
ditions have ceased, molybdenum probably will 
continue to replace tungsten to a large extent in 
these steels, as long as there is a wide spread 
between the price of the two elements. As 
shown in figure 3, the price of tungsten has 
fluctuated widely, while that of molybdenum 
has followed a uniform pattern and has been 
much cheaper. 
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FOREIGN 


Foreign demand for molybdenum is largely 
met through imports from the United States. 
The small molybdenum production outside the 
United States has been erratic except for Nor- 
way and Chile. Table 16 (p. 65) gives the 
United States exports of molybdenum by 
countries; those from Chile and Norway are 
given in tables 18 (p. 68) and 19 (p. 68) re- 
specively. As United States imolybdenuin ex- 
ports indicate, demand by the Western Europ- 
ean countries has increased significantly since 
World War II and doubtless will continue to 
increase as the standard of living in those 
countries improves. 
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DOLLARS PER POUND 
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1930 1935 


5 


i940 1945 1950 1955 


Fieure 3.—Comparative Prices of Tungsten and Molybdenum Contained in Concentrate. 
(Tungsten prices include duty but exclude Government purchase price for domestic tungsten.) 


Uses of molybdenum in foreign countries 
are estimated to follow closely those in the 
United States, and it is therefore believed that 
the main factors in governing demand are the 
level of steel production, the price of molyb- 
denum, and the ease of obtaining dollars with 
which to purchase molybdenum by those coun- 
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tries. In the past, some countries have found 
that tungsten could be obtained with less strain 
on their economy, even though prices of the two 
elements favored molybdenum. This exchange 
problem was probably one reason for late adop- 
tion of molybdenum-bearing alloy steels by 
some of the European countries. 


MINING, BENEFICIATION, AND METALLURGY 


MINING METHODS 


There are four principal types of me: 
denum-producing deposits: (1) Deposits that 
contain molybdenum alone or as the chief metal, 
(2) copper deposits that contain molybdenum 
recovered as a byproduct, (3) tungsten contact 
deposits that contain molybdenum recovered as 
a byproduct, and (4) wulfenite-bearing base- 
metal deposits. Only in the first type of deposit 
is the major mining effort ese toward the 
recovery of molybdenum. 

Deposits that contain molybdenum alone or 
as the chief metal include quartz veins, pegma- 
tites, stockworks, and zones of hydrothermal 
alteration related to porphyry stock intrusions. 

Questa mine, Taos County, N. Mex., and La 
Corne mine, Quebec, Canada, are vein-type de- 
posits mined by cut-and-fill stoping. The Cli- 
max mine, Lake County, Colo., is an excellent 
example of large-scale caving employed in mas- 
sive, silicified, replacement ore bodies. Mining 
operations at both types of deposits are de- 
scribed in this section. 


QUESTA MINE, NEW MEXICO 


Mining methods of the Molybdenum Corpora- 
tion of erica at Questa, N. Mex., described 
by Carman (73) in 1931, are reported to have 
been used as late as 1955. This description is 
quoted in part. 


HISTORY 


This property, in the Red River Mining dis- 
trict, Taos County, northern New Mexico, was 
first recognized as a potential producer of 
molybdenum in 1916 or ‘1917. The R. & S. 
Molybdenum Mines Co. was organized in No- 
vember 1918 by 2 men from Cripple Creek, 
Colo. ; some ore was produced, which was milled 
ata gold mill on Red River about 5 miles above 
the mine. The Molybdenum Corporation of 
America was incorporated in 1920; in the same 
year it acquired the property and continued op- 
erations on a small scale. In 1923 construction 
of the present mill and camp site was begun. 
The mill began operating on November 1, 19238, 
and since that time the property has been a 
regular producer. 


GEOLOGY 


The ore occurs in a rock described as soda- 
potash alaskite porphyry. Molybdenite 
(MoS.), the only mineral of economic value, 
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occurs as a fissure filling in an east-west vein 
system. Quartz and some pyrite are the most 
important gangue minerals. The small branch- 
ing quartz-sulfide veins are separated by altered, 
sericitized country rock; the vein filling actually 
comprises only a small proportion of the ground 
broken in mining. 


MINING (13) 


The molybdenite ore is mined from narrow, irregular 
veins * * * About nine-tenths of the ore mined is 
extracted by horizontal cut-and-fill stoping and one 
tenth by open stoping. * * * Usually the ground re- 
quires the support given by filling. Other factors 
which may favor the cut-and-fill method are (1) the 
frequent necessity of breaking much more than the 
width of the ore to provide working room, in which 
case the resulting waste is most cheaply disposed of as 
stope fill and (2) the occasional very long tramming 
distance of waste from stope to surface. 

Cut-and-Fill Stoping.—A cut-and-fill stope is started 
by taking a cut from the back of the drift and placing 
drift sets and lagging, and then building chutes. In 
this work an effort ig usually made to avoid loading 
much ore or waste by hand, to avoid blasting directly 
down on unprotected timbering, and to place the waste 
fill as soon as possible in order to keep within working 
distance of the back. In some places, a 5- or 6-foot 
cut is taken from the back of the drift for a distance of 
perhaps 2 sets. This is loaded by hand into cars, and 
sets stood and lagged over. The next round is drilled 
and blasted so as to throw most of the ore over onto 
the timbering, where it can be sorted, and the ore 
dropped through the lagging into cars. Another set is 
then stood and the process repeated. In this way 
little hand loading is necessary and a fair covering of 
waste is left to protect the timbering when taking the 
next cut from the back. Another method of procedure 
is to break down a short 2- or 3-foot round from the 
entire length of the drift back to be included in the 
stope, then, working from on top of this broken mate- 
rial, drill a second round. Before shooting this, how- 
ever, the first round is mucked out and timber stood. 
Then the second row is shot a few holes at a time and 
the broken ore sorted and dropped into cars below. 
The timbering under a stope is usually standard drift 
timber with single lagging overhead. In narrow 
stopes where the walls are good, stulls are occasionally 
used, or perhaps, half sets in which the hanging-wall 
end of the cap is supported on a post and the other end 
by a nitch on the footwall. 

Chutes are next built at 50-foot intervals, with man- 
ways at every other one. If a stope is less than 50 
feet long, only 1 chute may be required. The loading 
chutes are of 2-inch plank, with double-plank control 
gates held in cleats. The ore chutes and manways are 
carried up by cribbing or by setting stulls from wall 
to wall and lacing them on the outside with split 
lagging. In two-compartment raiSes the chute com- 
partment is lined with plank on the manway side to 
prevent fine ore from running between the cribbing or 
lagging. The single-ccompartment chutes are usually 
about 3 feet square inside. The tonnage handled 
through stope chutes is very small, and the ore is not 
hard or abrasive. Consequently, the lightest con- 
struction that will safely hold the weight of the fill 
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is permissible and economical. As all ore is worked 
over by hand in the stopes, no grizzlies are used over 
the tops of the raises. 

Although ventilation or prospect raises are some- 
times driven from level to level in ore and later made 
use of in stoping or may be driven for these purposes 
after stoping has started, no raises are driven from 
level to level for purely stoping purposes, such as 
travel ways or for lowering supplies into stopes * * *. 


* * s * z 

Various methods of breaking ore are used, depending 
on the ore occurrence and the ideas of the foreman 
and miners. * * * Where the ore is of sufficient 
width to give working room, and no breaking of the 
walls is necessary to fill the stope (that is, sufficient 
fill would be obtained by sorting), then the ore is 
broken down and the wall left untouched. If, as more 
commonly happens, the ore is not wide enough to pro- 
vide working room, the practice is to break the footwall 
away from the ore, sort out of this waste such ore as 
has come down with it, then take down the ore exposed 
on the hanging wall. This can be done by picking or 
very light shooting. * * * 


* bd * * * 


The ore is shoveled by hand into the chutes. If the 
distance to a chute is greater than usual, wheelbarrows 
may be used, but this it not necessary for the ordinary 
50-foot spacing of chutes. * * * 

* s 2 2 % 

Open Stopes.— Open stopes are usually small and are 
usually in flat-dipping veins. The method is often ap- 
plied to ore which is known to be of slight extent or to 
ore whose extent is doubtful and where it is desired to 
explore in this way before installing chutes and reg- 
ular drift timbering * * * 


TRANSPORTATION 


The ore is trammed to the surface and dumped into 
bins * * *, The cars on most levels are 12- or 14-cubic 
foot, box-body, end-dump type, weighing about 700 
pounds and holding about 1,500 pounds of ore * * *. 
On two levels larger cars are used. * * * The hauls 
from stope to ore bin range from 200 to 1,000 
feet * * *, 


CLIMAX MINE 


INTRODUCTION 


The Climax Molybdenum Co. mine at Cli- 
max, Colo., with a 30,000-ton-of-ore-per-day 
record in 1955, is considered the largest under- 
ground mine in North America. 

At an elevation of more than 11,000 feet the 
plant includes mine, mill, and a complete town- 
site. 

The Climax method of caving is perhaps best 
characterized by its method of drawing ore 
from the caved area. Instead of drawing 
through grizzlies into storage or transfer 
chutes, the ore is brought directly into slusher 
drifts, whence it is loaded into cars by scrapers. 


HISTORY 


The Climax molybdenum mineralization was 
known before there was a market for the metal. 
The molybdenite was identified some time after 
1900, but there was no production until 1918; 
owing to market conditions, the mine and mill 
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were closed in March 1919 and remained closed 
until 1924. 

Mining operations have progressed from the 
Leal level at 12,145 feet elevation downward to 
the White level at 11,940 feet, the Phillipson 
level at 11,470 feet, and the Storke level at 
11,170 feet. 

The original shrinkage-stope mining method 
produced up to 1,500 tons per day. Later addi- 
tional ore was recovered from the pillars by 
large-scale blasting. Small coyote drifts and 
powder tees were driven in the pillars for em- 
peaeaet of the explosive. The collapse of pil- 
ars and subsequent drawing of the ore from 
them indicated the feasibility of caving this 
ore. 

In 1929 the Phillipson level was begun. Orig- 
inally, the caved ore was drawn through finger 
raises onto grizzlies and transfer (or storage) 
chutes to the cars. Problems were encountered 
in using this method in ventilation, safety, com- 
munications, handling of men and materials, 
and maintenance. A slusher (or scraper) sys- 
tem of loading gradually evolved and has 
proved very successful. 


DESCRIPTION OF DEPOSIT 


The geology of the Climax deposit is dis- 
cussed in another section (p. 11); however, a 
brief discussion here may aid in visualizing the 
mining operation. 

Above the Phillipson level the deposit has the 
shape of a cone that enlarges with depth and 
has a barren central core. Thus, the Phillip- 
son haulage level is roughly circular. 

Foot wall and hanging wall are not clearly de- 
fined, and ore boundaries are determined by 
sampling. Mineralization decreases sharply 
toward the central core (foot wall) and gradu- 
ally toward the outside periphery (hanging 
wall). 

In the upper levels, the rocks are for the most part 
firm and fresh, and mining by block caving would be 


difficult if not impossible, except for the many closely 
spaced fractures that intersect the rocks.° 


PROSPECTING AND EXPLORATION 


Prospecting and exploration have been pri- 
marily by drifting and diamond (core) drilling. 
The total diamond drilling to 1955 was approxi- 
mately 250,000 feet. In the early 1930’s a 500- 
foot shaft was put down from the Phillipson 
level, and 500 feet of drift was driven at the 
bottom of the shaft to obtain water for the mill. 
During 1937 to 1940 nearly 3 miles of 5- by 7- 
foot drifting on this level was completed in 
addition to an extensive diamond-drilling pro- 
gram (14). 

Because the mining method is by caving large 
areas, reliable information delineating the ore 


6 Vanderwilt, John W., and King, Robert V., Geology of 
the Climax Ore Body: Min. and Met., June 1946, p. 308. 
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NOTE: 


STORKE LEVEL SHOWN SOLID BLACK IS 300 FEET BELOW PHILLIPSOR. 
STORKE ADIT SURFACES ON EASTERN SLOPE OF CONTINENTAL DIVIDE. 
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FiaurE 4.—General Plan of Phillipson and Storke Levels, Climax, Colo., Mine. 
(Source: Mining Engineering, vol. 6, No. 3, March 1954, p. 275.) 


body must be obtained by exploration. 
mond-drill core samples and faces of develop- 
ment excavations are analyzed and recorded. 
After production from an area is begun, the 
fingers are sampled daily, and samples are also 
taken from loaded mine cars. The remarkably 
uniform gradation of the ore allows these sam- 
ples to be used in determining the remaining 
economic reserve of ore in the coring block. 


DEVELOPMENT AND MINING 


A plan view of the Phillipson level and a sec- 
tion of the Storke level are shown in figure 4. 
The progressive caving method of mining is 
based on the fact that, i a large enough area of 
a mine section is undercut, the weight of the ore 
will cause it to cave. The ore is of such a 
nature that, as it caves and is drawn, it will 
fracture to a size that works through the finger 
raises. Usual practice at Climax is to undercut 
a 68- by 100-foot area for individual stopes; 
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however, since the stopes are adjacent, very 
large areas ultimately are undercut. 

Before the ore is caved, facilities are installed 
to control its passage from the caved area to 
cars for haulage to the crusher. The caved ore 
comes down by gravity from the caved area 
through the finger raises to the slusher 
asa drifts shown in figure 5. In the 
slusher drifts the ore is scraped directly into 
cars and hauled to the coarse-ore bins. 

Loading.—A fter the preliminary development 
and stoping have been completed, the block 
begins to cave. The remaining portion of min- 
ing consists of loading, haulage, and mainte- 
nance. Loading combines the work of drawing 
ore from the finger raises and scraping it into 
cars, When conditions are favorable, ore comes 
down through the finger raises by gravity until 
it plugs the slusher drift. Then, as ore is 
scraped from the drift, more ore comes down. 
Various difficulties, however, interfere with the 


MINING, BENEFICIATION, AND METALLURGY 25 


SSyi= {= 


= ==lleil=ii=) 
SUPE AS ERAS 


ff fi = olin. siz 
$I: 

1, ___ eae 

y: xs" 

A x 
O.. KEYWAYS 
4 ma ere _| A) at cert eS te 
UE eer 

\ ey re Yor te 


>> ~% D " 
PAARHIAG 


SECTION THROUGH FINGERS 


ie BSE DSSS ON Zi > San ‘A/D 2 70 on > Pm FN OT oN 


10° I 35 LB. TROLLEY BEAM 


25'°-0" 


12-0" 


TANDEM HOIST 


Cost Manganese Steel 


1 vi 
Cleor ew SY Oraw Hole Frome 


9'-10 5/8" 


Fieure 5.—Sketch of Slusher Drift, Climax, Colo., Mine. 
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operation. eau are a major ie ae 
These can be caused by fine material building 
up in the finger or by bridging of rocks or by 
massive chunks which may have come down. 
High-pressure water is provided, and fre- 
quently a hangup caused by the building up of 
fine material can be washed in. Long sticks of 
2- by 1-inch cross section are employed to place 
dynamite where it will free a hangup effec- 
tively. Powder either in sticks or in a bag is 
tied to a wooden stick with twine. Thus, in 
most instances, the explosive can be wedged into 

lace from the safety of the slusher drift. In- 

requently it may be necessary to use hundreds 
of pounds of dynamite to free a single hangup. 

Chimneys tend to ferm in the caved aateuial. 
Sea a barren material from above to work 

own through the ore. Such chimneys may be 
minimized by proper draw-point spacing, 
which, in turn, depends upon the coarseness of 
material to be drawn and by the use of careful 
draw over a large area. 

Slusher drifts are constructed with 12 inches 
or more of concrete placed behind removable 
steel forms by means of a pumpcrete machine. 
Steel rails placed in the bottom prevent ex- 
cessive wear from scraping. Visibility in the 
slusher drifts is good because of specially 
adapted sealed-beam lights and because venti- 
lation openings to drifts at the far end pull dust 
and smoke away from the slusher operator. 
Large, double-drum 150-horsepower scraper 
hoists are used. 

Tail-block beams are cemented in place in 
the back end of the slusher drifts. Seventy- 
two-inch scrapers developed at Climax are of 
the folding type. This is important because 
ore from the worn finger raises piles up against 
the back of the slusher drift, so that only a small 
opening is left for the scraper to pass through. 
Traveling away from the slusher operator, the 
scraper folds flat, but as it moves forward it 
opens to drag forward a load of ore. 

Mine drainage is troublesome at times because 
of the large amount of surface water that drains 
through the caved ground when the snow melts. 
However, this is a seasonal occurrence, and 
3-foot-square flumes in the bottom of the main 
haulageways have proved adequate. 

Haulage—Trains of 20 to 24 Granby-type 
200-cubic-foot-capacity cars are hauled by 15- 
and 20-ton, 275-volt d. c. trolley locomotives. 
The track is 86-inch gage and ballasted. Sixty- 
five-pound and ninety-pound rail is used in the 
haulageways. Ventilation doors are operated 
by electric eyes, and a dispatcher controls traf- 
fic by means of derails, lights, and trolley 
phones. Ore is hauled directly to the ore bins, 
which are a short distance outside the portal at 
the elevation of the Phillipson level. Ore from 
the Storke level, 300 feet lower, is brought out 
through a tunnel to the crusher on the east side 
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of the Continental Divide and elevated to the 
mill site by a conveyor belt 4,000 feet long. 
Ventilation—In handling a highly silicified 
ore, ventilation is of the greatest importance. 
The total circulation of air amounts to 1,600,000 
c. f. m. and includes the recirculation of warm 
air, especially in the wintertime after the smoke 
and dust have been removed by water sprays. 


BENEFICIATION 


All molybdenum-bearing ores require bene- 
ficiation before a useful product can be made. 
The method of beneficiation depends upon the 
type of ore and impurities. For ores contain- 
ing molybdenite, flotation is universally used 
for upgrading. No wulfenite (the other com- 
mercially important molybdenum mineral) is 
being Seer at present. When produced it 
was beneficiated by gravity or flotation 
concentration. 

Molybdenite is one of the most easily floated 
minerals, but when it constitutes only a minute 
percentage of the ore, such as in copper ores, 
where it ranges from about 0.01 to 0.1 percent, 
it is very difficult to separate the molybdenite 

m copper sulfide minerals and other impuri- 
ties. This separation is made by what is known 
as preferential or selective flotation, which is 
accomplished by close control of the pH and the 
use of various reagents in the flotation circuit. 

Several milling and flotation methods, along 
with flowsheets, as well as several patents for 
separating molybdenite from copper ores, are 
described in this section. 


SEPARATION OF MOLYBDENITE FROM 
COPPER SULFIDES 


Molybdenite is recovered from copper con- 
centrate by preferential or selective flotation. 
The separation is complicated, requiring special 
treatment, as well as several flotation steps. 
Methods employed by the several producers 
vary. 

The copper flotation concentrate, containing 
the molybrlenite, may be first refloated with a 
depressant to keep down the molybdenite, along 
with some copper and iron sulfides and gangue 
material, producing copper concentrate and a 
tail product that 1s the rougher molybdenite 
product. In some processes this rougher prod- 
uct is roasted lightly to oxidize the surface of 
the copper sulfide particles and to drive off the 
reagents In Boyd dada for further flotation 
treatment. In other processes the copper flota- 
tion concentrate containing the molybdenite is 
first treated by adding lime and steaming to 
retard the copper sulfide. In either method a 
rougher molybdenite concentrate is produced, 
leaving a copper-iron tailing. 

The rougher molybdenite concentrate goes 
through several conditioning and reflotation 
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steps, in which various reagents may be used to 
effect the preferential flotation. 


MIAMI COPPER CO. 


At Miami Copper, the copper concentrate 
containing the molybdenite is thickened and 
lime is added and heated to about 205° F. with 
live steam in a series of agitators for about 1 
hour and 20 minutes to remove the collector filin 
on the copper minerals. The product is then 
filtered and refloated, using mixed higher alco- 
hols as frother and fuel-oil collector to separate 
molybdenite. The tailing (constituting the 
bulk of the copper) goes to the copper concen- 
trator. The rougher molybdenite concentrate is 
flotation-cleaned about six times; the final con- 
centrate is leached with sulfurio acid to remove 
the remaining copper, yielding a concentrate 
assaying 90 percent or more Mos,. 


KENNECOTT COPPER CORP. 


Molybdenite is beneficiated at Utah Copper 
Division, Kennecott Copper Corp., as descri 
Se a communication from the company, as fol- 
ows: 


At the Utah Copper Division of Kennecott Copper 
Corp., recovery of molybdenite is accomplished in four 
flotation stages. A fifth stage embodying a cyanide 
leach is sometimes employed when it is desired to pro- 
duce a molybdenite concentrate extremely low in cop- 
per content. Flotation cells are Fagergren, the plants 
containing both the Utah Copper and level cell types. 
Molybdenite in Utah ores floats readily, but its flota- 
tion rate is very close to that of the copper minerals 
with which it is associated (chalcopyrite, chalcocite, 
bornite). Therefore, to accomplish the difficult separa- 
tion of the molybdenite from these copper minerals it 
was necessary to develop special techniques. Com- 
mercial production of molybdenite began in the early 
1980’s. The present process was developed in the lab- 
oratories at Utah and is covered by United States 
Patent Reissue 22,117 (Nokes, Johnson, and Janney). 

In the first of the flotation stages mentioned above, 
the recovery of molybdenite from primary ore takes 
place. Actually it is the copper-flotation circuit, molyb- 
denite being floated with the same reagents and to- 
gether with the copper minerals. In recent years, 
molybdenite recoveries in this circuit have been im- 
proved by installing scavenger cells where a specific 
molybdenite collector is added. Product is a copper 
concentrate containing molybdenite. 

The purpose of the second flotation circuit is to re- 
duce the amount of concentrates to a reasonable figure 
for the subsequent treatment. This is accomplished 
by refloating the copper concentrate with the addition 
of a molybdenite depressant, which at Utah is dex- 
trine. By this means, approximately four-fifths of the 
concentrate is floated in a molybdenite-impoverished 
product. The tailing is enriched in molybdenite al- 
though still containing some copper minerals. 

Before treatment in the third flotation stage, the 
molybdenite-enriched tailing is filtered and the cake 
then passed through standard multiple hearth roaster. 
However, no roasting takes place, temperatures being 
earried at about 450° F. At this temperature, all of 
the reagents used in the copper circuit are destroyed, 
and, in addition, there is some tarnishing of copper 
minerals which aids in their depression in following 
stages. By careful control of temperature, there is 
no deleterious oxidation of molybdenite. Discharge 
from the roasters is repulped and then treated in the 
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third flotation stage where an alcohol frother is the 
only reagent added. By this means, gangue insolubles 
which would later dilute the molybdenite concentrate 
are floated off. Following this treatment, the molyb- 
denite is reactivated by the addition of fuel oil and 
treated in a normal flotation procedure using an alco- 
hol frother. This stage involves multiple cleaning 
of concentrate and in order to insure concentrate with 
copper content low enough to meet the rigid specifica- 
tions, a small roaster is installed about midway in 
the cleaning circuit. It is possible to produce molyb- 
denite concentrate with copper content as low as two- 
tenths of 1 percent. 

Fi 6 shows the molybdenite-recovery 
flowsheet. 

The copper-recovery plant designated herein 
as the first flotation stage is not shown. The 
A circuit is that employing the dextrine sink, 
the B shows the insoluble float, and the units 
C and D are the fourth flotation stage, the 
D circuit being the cleaners. 


PHELPS DODGE CORP. 


At the Phelps Dodge Corp. Morenci mill the 
copper concentrate, containing molybdenite, is 
an ed to a conditioner where water is added 

or dilution and sulfuric acid for pH control. 
Ferrocyanide is added at the feed inlet to the 
first cell of each flotation bank. The rougher 
molybdenite concentrate is cleaned twice, thick- 
ened, filtered, and reground in a ball mill, fol- 
lowed by three or more cleaning stages in small 
Denver cells during which sodium cyanide and 


sulfuric acid are added. 


BAGDAD COPPER CORP. 


At Bagdad the copper concentrate, contain- 
ing molybdenite, goes through a bulk flota- 
tion step, using a frother consisting of a 50-50 
mixture by volume of pine oil and methyl alco- 
hol to produce the rougher molybdenite con- 
centrate, which is cleaned in 6 flotation steps. 


UNITED STATES PATENTS 


Several patents have been issued on processes 
for ore concentration by flotation for separat- 
ing molybdenite and copper sulfides, using var- 
ious reagents to effect the separation. Among 
the patents are: 

U. S. Patent 2,492,936, issued to Charles M. 
Nokes, Charles G. Quigley, and Robert T. 
Pying on December 27, 1949, covers selective 
depression of metalliferous sulfides from molyb- 
denite, using an inorganic compound selected 
from the group containing phosphorus, arsenic, 
and antimony, which contain hivalent sulfur 
and an inorganic cation. 

U. S. Patent 2,187,930, issued to Earl H. 
Brown and Carl F. Williams on January 23, 
1940, assigned to Minerals Separation North 
American Corp., New York, N. Y., covers de- 
pression of molybdenite from copper sulfides, 
using a depressant consisting of a condensation 
product of an aldehydic substance with aromatic 
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sulfonic acids, or salts, of such a condensation 
product. | 

U.S. Patent 2,095,967, issued to Earl Henry 
Brown, October 19, 1937, assigned to Minerals 
Separation North American Corp., New York, 
N. Y., covers a flotation separation of molyb- 
denite from copper sulfide, using a dye to selec- 
tively inhibit flotation of the molybdenite at a 
suitable pH while producing a copper sulfide 
flotation concentrate. 

U. S. Patent 2,559,104, issued to Nathaniel 
Arbiter and Orel E. Young, July 3, 1951, as- 
signed to Phelps Dodge Corp., New York, N. Y., 
covers the use of an oxidizing agent, such as so- 
dium hypochlorite, under alkaline conditions, 
or potassium dichromate, under acid conditions, 
along with an activated carbon, to retard copper 
sulfides while floating molybclenite. 

U.S. Patent 2,555,776, issued to Thomas A. 
Janney, Alpha G. Johnson, and Charles M. 
Nokes, September 16, 1941, covers separation 
of molybdenite from a mineral aggregate, in- 
cluding other sulfides, such as copper and iron 
sulfides, and gangue material by subjecting such 
a mineral aggregate to a heating treatment at 
a superatmospheric temperature in the presence 
of oxygen to effect oxidation of the other sul- 
fides and then subjecting the aggregate so 
treated to froth flotation to recover the molyb- 
denite therefrom. 

U. S. Patent 2,664,199, issued to Lyle M. 
Barker and Orel I. Young, December 29, 1953, 
assigned to Phelps Dodge Corp., New York, 
N. Y., covers the use of a water-soluble iron 
cyanide, such as sodium ferrocyanide, under 
mildly alkaline conditions, followed by a final 
flotation with a water-soluble cyanide, such as 
sodium cyanide, under strongly alkaline con- 
ditions, to retard the copper sulfides. A de- 
tailed description of an example of this process 
follows: 

Copper concentrate produced from the ore by an 
initial flotation using lime, organic thiophosphate, and 
a standard frothing agent as the rengents, containing 
a very low percentage of molybdenite, is passed into 
a conditioning tank where sulfuric acid is added to 
lower the pH to 7.0 to &.0 and the pulp density adjusted 
to around 20-percent solids. 

As the conditioned pulp is fed into the rougher flota- 
tion cells, about 0.33 pound of ferrocvanide per ton of 
original copper concentrate is added at the feed inlet 
of the first cell, which permits some flotation of copper 
and iron sulfides at the last flotation cell in each bank 
so as to obtain maximum flotation and recovery of the 
molybdenite. The flotation cells are the mechanical 
type, such as the standard Fagergren cells, and are 
connected in series. 

The tailings from this rougher flotation contain most 
of the copper and after thickening and filtering are 
processed for the copper. 

The rougher molybdenite concentrate is mixed with 
tailings from the fourth and final cleaning operations 
and goes to a thickener of the Dorr type to remove 
excess quantities of water containing frothing agents. 
The thickened material is fed into a second conditioning 
tank, where sulfuric acid is added to lower the pH 
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to 7.0 to 8.0, and water is added to reduce the pulp 
density to about 14-percent total solids. 

The pulp from this second conditioner is fed, along 
with a solution of sodium ferrocyanide amounting to 
approximately 0.24 pound of reagent per ton of original 
copper concentrate into another bank of flotation cells, 
where the first cleaning operation is performed. The 
concentrate from this first cleaning flotation is trans- 
ferred to a third conditioning tank, and the tailings 
are recycled to the first conditioning tank. 

In the third conditioning tank the pH is again ad- 
justed with sulfuric acid to 7.0 to 8.0, and water is 
added to reduce the solids to about 10 percent. The 
pulp from this conditioning tank, along with about 
0.071 pound of sodium ferrocyanide per ton of original 
copper concentrate, is fed into another bank of flota- 
tion cells; and, without further conditioning, the con- 
centrate from this secondary flotation step goes di- 
rectly into another bank of flotation cells, another por- 
tion of ferrocyanide having been added to the feed. 
The tailings from the secondary and tertiary cleaning 
operations are combined and returned to the second 
conditioning tank, and the concentrate is thickened 
and filtered in preparation for grinding in a ball mill. 

The ground concentrate is diluted with water to 
about 2.5 percent of solids, and enough acid is added 
to adjust the pH range to 7.5 to 9.0, after addition of 
sodium ferrocyanide amounting to about 0.385 pound 
per ton of original copper concentrate, during intro- 
duction of the pulp into a bank of flotation cells, con- 
stituting the fourth cleaning stage. The tailing from 
the fourth cleaning stage is returned and mixed with 
the rougher concentrate going to the thickener pre- 
ceding the first cleaner stage. 

The concentrate from the fourth cleaner stage is 
passed directly, without any treatment or addition of 
reagents, to a bank of flotation cells constituting the 
fifth cleaner stage. The tailing from the fifth cleaning 
gtage is recycled to constitute a part of the feed of 
the fourth cleaner stage, and the concentrate is ready 
for the final flotation cleaning. 

The final flotation step consists of four cells, and in 
order to obtain maximum results from the sodium 
evanide flotation is by countercurrent flow. The con- 
centrate from the fifth cleaner flotation is added to the 
tailing being introduced to the cell next to the last 
cell. The concentrate produced in the last three cells 
is fed into the preceding cells, the sodium cyanide be- 
ing added to the concentrate flowing into the first cell. 
The concentrate flowing from the first cell, containing 
85 to 90 percent of molybdenite, is filtered, dried, and 
stored. 


Figure 7 shows the general flowsheet of the 
process. 

U.S. Patent 2,460,975, issued to Michael C. 
Carosella, February 8, 1949, assigned to the 
United States Vanadium Corp., covers a process 
for recovering molybdenum compounds from 
ore materials and aqueous solutions containing 
both molybdenum and tungsten compounds. 

The process comprises the steps of adjusting 
the pH of an aqueous solution of molybdenum 
and tungsten compounds to a value between 
about 5 and 7.5, preferably between 5 and 7, by 
appropriate addition of a mineral acid or an 
alkali, and then adding to the solution a mineral 
acid salt of a divalent metal selected from the 
group consisting of iron, cobalt, nickel, and 
manganese. Under these conditions there is 
precipitated from the solution a molybdate of 
the selected metal, substantially free from tung- 
sten compounds, To promote separation of the 
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Figure 7.—Flotation Recovery of Molybdenite. 
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molybdate from solution by filtration, the solu- 
tion is heated to a temperature between about 
75° C, and its boiling point during addition of 
the metal salt. 


CONCENTRATION AT CLIMAX 
MOLYBDENUM CO. 


The following description of the milling 
methods employed at Climax, Lake County 
Colo., was obtained through the ees 
Climax Molybdenum Co., as described by - 
sor and Windolph:? 


Milling operations at Climax started in 1918 with a 
200-ton flotation plant. At that time the crusher was 
located at the mine and ore was delivered to the mill 
on a tramway. The plant closed down in March 1919 
and remained closed until 1924, by which time a modest 
demand for molybdenum had been developed. From 
1924 to 1982 the mill capacity was increased to 1,200 
t. p. d., and mill sections added in 1932 increased 
capacity to 4,000 t. p. d. In 1936 and 1937, 6 additional 
mill sections were built, bringing the designed tonnage 
to 10,000 t. p. d. One more section was added in 1940. 
This together with improvements in grinding technique 
increased tonnage to 18,000 t. p. d. The most recent 
expansion program includes six more ball-mill sec- 
tions and the Storke-level crusher. Present capacity is 
28,000 t. p. d. 


CRUSHING DONE IN THREE PLANTS 


Crushing of Climax mine-run ore is carried out in 
three stages. No. 1 and 2 crushers are used for ore 
from the Phillipson level and No. 3 crusher treats ore 
from the Storke level. The flow of materials is the 
same in all three, but the third stage of crushing for 
the Storke-level crusher is done in No. 2 crusher. 

Phillipson ore is dumped into the crusher bins from 
10-ton-capacity Granby cars and fed to 48- by 60-inch 
Buchanan jaw crushers through chutes and Ross 
feeders. The jaw crushers have a discharge opening 
of approximately 9 in. and a capacity of 500 t. p. h. each. 
The product from these jaws is carried by pan and 
belt conveyors to a 5- by 9-foot vibrating grizzly with 
114-inch openings. The oversize is fed to 7-foot stand- 
ard Symons cones, and the undersize joins the crushed 
material from the standard. The standard cone 
crushers are set at 114 inches on the closed side and 
the product, all 3 inches, is fed to storage bins. Operat- 
ing in closed circuit with vibrating screens; 7-foot 
shorthead Symons cones prepare the final mill feed, 
averaging 6 percent on 34-inch mesh. 


STORKE-LEVEL CRUSHER DESIGNED TO HANDLE ALL 
FUTURE MINE PRODUCTION 


The Storke-level crusher is designed to crush the 
entire mine production after the ore from the Phillip- 
son level is depleted. The primary crusher at the 
Storke level is a 60-inch Nordberg gyratory. 

Ore from the primary crusher is stored in a coarse- 
ore bin adjacent to the crusher building. From this 
bin the ore is fed on a 5- by 9-foot vibrating screen, 
with 2-inch openings. The oversize product from the 
screen is crushed in a 7%-foot Symons standard cone 
and added to the screen undersize. 

The product from Storke crusher is transported 
nearly 4,000 feet and elevated more than 300 feet to 


™Dessor, Max W., and Windolph, Frank, Crushing and 
Concentrating Ores at Climax: Min. Eng., vol. 7, No. 8, 
August 1955, p. 742. 
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the fine-ore bins near No. 1 and 2 crushers. This con- 
veyor system is divided into belts of nearly equal 
length operating 475 f. p. m. Designed capacity is 
1,500 t. p. h. The ore from the fine-ore bin is delivered 
to the storage bins in No. 2 crusher for the final stage. 
The crushed ore from all 3 crushers goes to 14 cylindri- 
cal ore bins, 35 feet high and 35 feet diameter, having 
a capacity of 600 live tons of ore. 


ROUGHER CIRCUIT 


The rougher circuit consists of 14 units in parallel. 
Each unit is made up of a bin, ball mill, classifier, three 
13-cell flotation machines, and auxillary equipment 
such as feeder belts, pumps, and blowers. 

There are eight 9- by 8feet grate-type Marcy ball 
mills driven by a 450-hp. motor and six 9- by 9-foot 
grate-type Marcy ball mills driven by a 600-hp. motor. 
The use of shiplap liners is standard practice and 
3-inch forged steel balls are charged daily. Consump- 
tion of balls is 1.30 lb. per ton of ore treated. 

The classifiers are 78-inch Akins duplex high weir, 
with a double spiral. The first of these classifiers had 
12-inch shafts, but recently completed installations 
have 16-inch shafts and it is felt that this increase in 
diameter will reduce shaft breakage. The circulating 
load is about 3 to 1. 

Although several types of flotation machines have 
been tried, the standard equipment is the Weinig- 
Climax subaerated type. The power requirement for 
this machine is less than 1.0 kw.-hr. per ton and air at 
1% p. 8. i. is used at the rate of 35 c. f. m. per spindle. 
Normally the flotation circuit consists of three 13-cell 
flotation machines in series. The froth from the 
tirst machine is the rougher concentrate and the froth 
from the second and third machines is returned to the 
first. The reagents used in this circuit are: 


Reagent: Lb. per ton 
Hydrocarbon.___--- 1.00 
SVDLOK = see Goce i Sos eee to . 02 
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CLEANER CIRCUIT 


The rougher concentrate, containing 8 to 10 percent 
Mos:, is thickened and then cleaned in 4 stages of 
flotation with grinding and classification between 
each stage. The first-stage grinding in the cleaner 
circuit is done with two 5- by 20-foot mills charged with 
%4-inch forged-steel balls. 

Second-stage grinding is done with two 8 by 20-foot 
mills charged with 2- to 3-inch flint pebbles. The 
final two stages of grinding use one & by 20-foot mill 
each, and the same pebble size as the second stage. 
The only reagents used in this circuit are small 
amounts of pine oil to promote molybdenite recovery, 
and soda ash with cyanide to depress the pyrite and 
chaleopyrite. 


FILTERING AND DRYING 


Concentrate from the cleaning plant is filtered in 
6-foot Eimco disk filters, and dried in a 20-foot,4-hearth 
drier. The dried concentrate is either loaded in hopper 
cars or puckaged in barrels. 


BYPRODUCTS 


Wolframite is the most important byproduct mineral 
recovered, but some cassiterite and pyrite are also 
recovered. These byproducts are recovered from the 
coarse tailing that originated in the rougher circuit. 


Figure 8 shows a general flowsheet of the mill- 
ing operations. 
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Figure 8.—Flowsheet of Molybdenum Plant, Climax, Colo. 
(Data from Climax Molybdenum Co.) 


UNION CARBIDE NUCLEAR CO., PINE CREEK 
MILL, CALIFORNIA 


Ore from the Pine Creek mine in Inyo 
County, Calif., contains the molybdenum min- 
erals molybdenite and powellite, an alteration 
product of molybdenite, along with the min- 
erals chalcopyrite, covellite, chalcocite, bornite, 
and scheelite. 

Recovery of molybdenum as a byproduct 
from tungsten-mining operations was started in 
1939. Production reached a peak in 1943. 
The mill was shut down early in 1945, but oper- 
ations were resumed in 1946 and have continued 
to date. 

The mine ore is crushed in a cone crusher and 
ground in ball mills to 86 percent minus-325- 
mesh. The finely anid material passes 
through Akins classifiers, from where the over- 
flow (containing about 55 percent of solids) 

oes to the sulfide roughers and the underflow 
is returned to the ball mills for regrinding. 
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The sulfide roughers, consisting of four iden- 
tical sections in araliel, separate the sulfides 
us concentrate. e tailing from the sulfide 
roughers, containing the scheelite and some 
molybdenum minerals, goes to the scheelite 
roughers. 

The sulfides are cleaned, thickened, filtered, 
and ground before entering the molybdenum 
roughers for final separation of the molybde- 
nite and copper concentrates. 

As mentioned above, tailing from the sulfide 
roughers contains the scheelite, along with some 
of the molybdenum minerals. This tailing 
passes through several cleaning and tabling 
operations before a final scheelite concentrate 
containing molybdenum is produced. 

ete 9 shows the general flowsheet of the 
ant. 
Molybdenum and tungsten are separated by 
a chemical process (U.S. Patent 2,339,888, Jan- 
uary 25, 1944), consisting of digesting the con- 
centrate with an alkaline solution, such as caus- 
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1. Minus-4-in. ore from mine primary 9. Four cleaner sections in parallel, 15, Four scheelite roughers in parallel; 
crushing plant via aerial tram. five 32- x 32-in, M. S. machines each has ten 32- x 32-in. M. S. cells. 

2. Wooden bin, 300-ton. in each, Two-stage cleaning; 3 Each section "hog-troughed" by holes 

3. Symons vibrating screen, 32-in., cells in first, 2 cells in second. through cell partitions to form 
rod-deck, 1/2-in. spacing. Sulfide concentrate has 20% MoS5, groups of 4-2-2-2 cells in each of the 

4. Symons short-head cone, 51/2-ft. _ » 30 oz. silver. 4 sections. 

5. Four 1,000-ton circular steel 10. Thickener, 30-ft. diam.; pulp 16. Two-stage cleaning; five 32- x 32-in. 
bins, or to stockpile. Capacity heated to 60° C., underflow diluted M. S. cells in first, two 32- x :32=in. 
of fine crushing plant is 800 to 10% solids for filtration. cells in second. 
tons per shift. Batch operation. 17. Four No. 6 Deister diagonal-deck 

6. Four 6 x 5-ft. Marcy low-dis- 11, American filter 3-disk. tables recovering coarse scheelite 
charge ball mills, 25 r.p.m., 12, Ball mill, 36-in., filter cake from rougher tailings. 

7 1/2 tons 4-in. balls, Each mill ground at 70% solids. 18. One No. 6 Deister diagonal—deck table 
grinds 250 tons per day to 86% 13. Pulp at 20% solids to 2 banks, 6 recovering coarse scheelite from 
mimis—325-mesh. Ball consumption, cells each, 24- x 24-in. M. S. mach- flotation concentrate. 

1 1b. per ton. Discharge, 70% ines. First bank produces primary 19. Ball mill, 36-in. 

solids. concentrate; second bank, scavenger 20, Spiral classifier, 12-in. 

7. Four Akins classifiers, 54-in., - concentrate. 21. Thickener, 30-ft., handles feed to 
overflow at 55% solids, 14. Eight stages of cleaning in 16 chemical plant. 

8. Four identical rougher sections 24— x 2h—in, M. S. cells, 2 cells to 22. Chemical plant makes high-grade 


in parallel. Each has ten. 

32— x 32=in. M. S. cells, 8 for 
flotation and last 2 cells for 
conditioning scheelite flotation 
feed. 


a stage. Tailing from each stage 
returns to previous stage; tailing 
of first stage returns to first bank: 


in molybdenum roughers. 


molybdenum and tungsten products, 


FIGuRE 9.—Flowsheet of Pine Creek Plant, California. 
(Source: Engineering and Mining Journal, vol. 152, No. 5, May 1951, p. 82.) 


tic soda, at about 130° C. for a long enough time 
for both molybdenum and tungsten to be 
dissolved; diluting with water; filtering; and 
precipitating the molybdenum as a sulfide that 
is filtered and roasted to molybdic oxide. 


WULFENITE 


The complex wulfenite-containing ores of the 
Mammoth district, Arizona, were treated by 
tabling and flotation. The Bureau of Mines in- 
vestigated the concentration of these ores (22). 
The study indicated that all the Mammoth ores 
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were amenable to flotation, although slightly 
less gold was recovered by flotation than by cy- 
anidation. ~The Mammoth mill was equipped to 
handle 200 tons of ore per day by gravity con- 
centration, flotation, and cyanidation; after 
several months’ operation cyanidation was dis- 
continued. Concentration by gravity and flo- 
tation methods resulted in considerable saving, 
both in operating cost and in added recovery of 
minerals. The mill was first owned by the 
Molybdenum Gold Mining Corp. but was sold 
in 1937 to Mammoth-St. Anthony, Ltd., and ca- 
pacity was reported to have been increased to 
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400 tons of ore a day. The Bureau of Mines ® 
described the process used in separating the 
molybdenum contained in the concentrate as 
follows: 

Smelting in a reverberatory furnace of oxide con- 
centrates (which have been mixed with soda ash and 
coke) yields a lead bullion containing the bulk of the 
gold and silver; a small amount of matte carrying 
lead, copper, gold, and silver; and a molybdenum- 
vanadium-rich slag, which is treated at the plant. 

The slag is hand-sledged, crushed, and ground wet 
in a rod mill. This solution contains the bulk of the 
vanadium and milybdenum that was inthe slag. After 
suitable filtering, part of the solution is evaporated 
by sluelter waste heat to the dry sodium molybdate- 
sodium vanadate salt; the remainder of the solution 
is used in the separation of the molybdenum from the 
vanadium. 

In the salt plant, the currently made salt, stored 
salt, and salt solution are mixed, the amount of stored 
salt to be used being determined from the specific 
gravity of the solution. This mixture is agitated for 
8 hours. The molybdenum of the solid salt goes into 
solution, and the vanadium of the solution is precipi- 
tated. The product is filtered, the residue being the 
vanadium shipping product, which assays 20-25 per- 
cent V,0; and less than 2 percent MoO, The filtrate 
is then agitated with lime and calcium chloride for 
2hours. This material is filtered. The residue is a low- 
grade molybdate-silicate precipitate, which is stored 
for future re-treatment. The filtrate is treated with 
calcium chloride, and a high-grade calcium molybdate 
is precipitated, filtered, dried, sacked, and shipped. 


MILLING METHODS AT QUESTA, N. MEX. 


Carman described the milling methods at the 
Questa concentrator of the Molybdenum Cor- 
poration of America, Questa, N. Mex., in a 
report (14) published by the Bureau of Mines 
in 1932. The same milling methods were re- 
ported to have been in use as late as 1955. 


COARSE CRUSHING 


Ore is transported from the mine to the con- 
centrator by trucks and dumped into a bin which 
serves a 9- by 14-inch, belt-driven, Universal 
Jaw crusher set at 114-inch openings. A bar 
grizzly, with 114-inch openings, is placed be- 
tween the bin and crusher. The crusher pro- 
duct contains about 5 percent plus-114-inch 
ring size and about 40 percent minus-14-inch 
ring size that joins the undersize of the grizzly 
at is delivered to a 100-ton-capacity fine-ore 
bin by a bucket elevator. 


GRINDING 


From the fine-ore bin the ore is delivered by 
conveyor belts to a No. 54 Marcy ball mill, 
which operates in closed circuit with a Dorr 
rake classifier and is driven at a speed of 27 
r, p.m. through a friction clutch. The bal] mill 
is equipped with a grate discharge that has %¢- 
inch openings. 


8 Betz, Frederick, Jr.. and van Siclen, Alice P., Molyb- 
denum: Bureau of Mines Minerals Yearbook, 1942, p. 661. 
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The Dorr classifier, which operates in closed 
circuit with the Marcy ball mill, is set up at a 
slope of 234 inches per foot, and the rakes have 
a speed of 12 strokes per minute. 

The launder used to convey the ball-mill dis- 
charge to the classifier has a slope of 114 inches 
per foot, and the launder that returns classifier 
sands to the ball mill has a slope of 334 inches 
per foot. 

Pulp density in the ball mill is maintained at 
about 80 percent and in the classifier at about 20 
to 22 percent solids. The classifier is equiped 
with a hydrometer, installed at the oeeriow 
end, to assist in maintaining the desired pulp 
density. 

FLOTATION 


The classifier-overflow pulp is treated in a 
7-pan 2- by 21-foot Callow rougher machine. 
The rougher machine produces a concentrate 
that is cleaned in 2 stages in 4-pan, 16-inch by 
8-foot callow cells. These cells are equipped 
with 4-ply, 34-inch, square, stitched blankets. 

Air is supplied to all flotation cells at a pres- 
sure of 4 to 4% pounds per square inch by a No. 
2 belt-driven Root blower. The volume of air 
consumed amounts to about 800 to 900 c. f. m., 
which is equivalent to about 8 cu. ft. of free air 
per sq. ft. of blanket area per minute. 

The flotation reagents used comprise Pensa- 
cola No. 100 pine oil, used as a collector; G. N.S. 
No. 5 pine oil, used as a frother; and sodium 
cyanide, used to depress pyrite. The pine oils 
are mixed in the proportion of 5 parts of Pensa- 
cola No. 100 to 1 part of the G. N. S. No. 5 by 
volume, and the mixture is added to the ball- 
mill scoop box at the rate of 1 pound per ton 
of ore. The sodium cyanide is added to the 
secondary cleaner as a 10-percent solution at 
the rate of 0.08 pound per ton of ore by a disk- 
and-cup-type feeder. 

Sideboards are used on the two cleaner ma- 
chines to force the froth to travel from the lower 
end to nearly the head before being discharged, 
in order to give a cleaner concentrate. 

Metallurgical data for the flotation circuit 
are as follows: 


Flotation-circuit metallurgical data 


Mo82, 
percent 

Rougher cell: 

Heads, not including middlings returned__ 5.2 

Concentrate 225 S2 sen ocehenn ese cesse Hee 30. 0 

WOUMINGS: eit el eee eee Se .9 
Primary cleaner cell: 

Concentrate a22s626seceelcuk cece eee eeadx 55. 0 

MiddlingS: 2 he 2 ee ees 4.0 
Secondary cleaner cell: 

Concentrate 2.2 22 ccecccbeee secu se Sec 74.5 

Middlitigs:...4.2cciseces. Se cecohesuaeceosse 7.0 
Scavenger cell: 

Concentrate: 2o-oses2) secon e ees eee ces 1to3 

TaVings Wecwcee. Se eee oot eee eee 6 

Recovery in final concentrute___-_-------- 87. 7 
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FicvUre 10.—Flowsheet of Ore Treatment at Questa, N. Mex. (14). 


Machines 


Coarse-ore bin, 12-ton capacity. 

Bar grizzly, 1% inch openings. 

Universal jaw crusher, 9- by 14-inch. 
Bucket elevator. 

. Mechanical sampler. 

. Fine-ore storage bin, 100-ton capacity. 

. Belt conveyor, 20-inch. 

- Belt conveyor, 12-inch. 

. Marcy ball mill, No. 54. 

11. Dorr Simplex classifier, 3 by 18 feet. 

12. Callow rougher flotation machine, 2 by 21 feet. 
18. Callow primary cleaner, 16-inch by 8-foot. 
14. American centrifugal pump, 2-incb. 


a 2 
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The finished concentrate pulp of the second- 
ary cleaner cells contains about 3 percent of 
solids and is pumped to a 14- by 8-foot Dorr 
thickener, which operates with a rake speed of 
1 revolution in 8 minutes. 

The thickener underflow pulp contains about 
25 percent of solids and is further dewatered 
in a 4-foot, single-leaf American filter. 

Vacuum at the filter is maintained at about 
17 inches of mercury by an 8- by 5-inch vertical 
vacuum pump. 

The filter cake, which contains about 10 to 12 
percent of moisture, drops by gravity through a 
chute to a shelf adjacent to the drying stove. 
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. Reserve coarse-ore storage bin, 800-ton capacity. 


15. Callow secondary cleaner, 16-inch by 8-foot. 
16. Callow scavenger, 16-inch by 8-foot. 
17. Mechanical sampler. 

18, Wilfley sand pump, 2 inches. 

19. American centrifugal pump, 2-inch. 
£0. American centrifugal pump, 2-inch. 
21. Mechanical sampler. 

22. Dorr thickener, 14 by 18 feet. 

28. Diaphragm puny, 

24. American filter, 4-foot, single leaf. 
25. Stove for drying concentrates. 

26. Cameron centrifugal pump, 1-inch. 
27. American centrifugal pump, 2-inch. 
28. Storage tank for mill water. 


The concentrate is pulled off the drier by hoe 
and packaged for shipment. 


DISPOSAL OF TAILINGS 


The tailings pulp from the scavenger flota- 
tion cell is pumped to the tailings pond by a 
2-inch Wilfley sand pump. 

a 10 shows the general flowsheet of the 
mill. 


LA CORNE MINE, QUEBEC, CANADA 


HISTORY 


Although molybdenite was discovered at the 
La Corne mine in La Corne Township, Quebec, 
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in 1915, the first production was during 1927-30. 
The mine has produced intermittently since 
that time. 

ORE 


The ore occurs in veins and is complex, con- 
taining native bismuth and bismuthinite that 
make the separation of molybdenite difficult. 


MINING 


The mine has been opened on 6 levels through 
a 3-compartment, 61° inclined shaft. The first 
level is 150 feet vertically below the shaft collar, 
and the other levels are at 100-foot to 125-foot 
vertical intervals. Drifts and crosscuts are 6 
by 7 feet in cross section and equipped with 18- 
inch-gage track. Shrinkage stoping is usually 
employed. The ore is hoisted by a 3- by 4-foot 
double-drum, 125-hp., Ingersoll-Rand shaft 
hoist. 
MILLING 


Crushing.—Mine ore is dumped from skips 
into a 250-ton coarse-ore bin. e single chute 
from this bin discharges into a short length of 
sorting belt, which also feeds the 15- by 24-inch 
jaw-type primary crusher. Secondary crushin 
1s done in a 3-foot standard Symons cone, an 
all ore passing through 5%- by 4-inch openings 
in a 5- by 10-foot Niagara screen goes to the 
mill ore bin. Grinding equipment consists of 
two ball mills—one 7- by 7-foot Dominion En- 
gineering Co. cylindrical mill, 150-hp., 23 
r. p. m., using 314- and 4-inch balls, and a 7- by 
6-foot Allis-Chalmers ball mill, with a 150-hp. 
motor in closed circuit with a single-rake 
classifier. 

FLOTATION 


The classifier overflow is conditioned and 
thence processed in a conventional bulk-flota- 
tion circuit, consisting of a unit cell and 2 pri- 
mary cleaners, 24 scavenger cells, and 10 final 
cleaners. 

The pulp is introduced at near-neutral and 
made slightly alkaline in the final cleaning. 
Flotation reagents and approximate quantities 
used per ton of float feed are summarized as 
follows: 


Pound 
Aerofloat No. 25.--...----__--------_ 0. 017 
Aerofloat No. 208_.__-.-.-----.-_--..- . 060 
Xanthate Z-6_..---_----.~_---..--_-.- .121 
Dowfroth No. 250__----_.-----__-_-_- . 038 
Sodium cyanide________________---__- . 160 
Sodium sulfite...._...._-_.-----_._-__ . 128 


The molybdenite concentrate, containing bis- 
muth minerals and other metallic impurities, 
is filtered in a 4-foot-diameter single-leaf 
American filter to about 12.5 percent of mois- 
ture. The filtered concentrate, containing about 
81 percent of MoS,, 6 percent of Bi, and 1 per- 
cent of Cu, goes to the leaching section of the 
mill. 
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Tailings normally contain less than 0.027 
percent of MoS.; 0.003 percent of Bi flows by 
gravity to an ample tailings-disposal area 
adjoining the mill. 

veo 11 shows the general flowsheet of the 
mill. 
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Ficure 11.—Flowsheet of La Corne Plant, Quebec, 
Canada. 


(Courtesy, Molybdenite Corporation of Canada, Ltd.) 


LEACHING 


Molybdenite flotation concentrate is acid- 
leached to recover bismuth and clean the molyb- 
denite concentrate from contaminating impuri- 
ties. Details of the leaching process are not 
available. After being leached and washed, 
the molybdenite concentrate is filtered, dried, 
and packed for shipment. The final concentrate 
contains over 90 percent of MoS, and less than 
0.2 percent of Bi and Cu. 

Recovery of both the molybdenite and bis- 
muth is reported to be over 90 percent. 
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Bismuth oxychloride recovered through the 
leaching process is mixed with coal, caustic soda, 
and salt cake and smelted in tilting-type, cru- 
cible, resistance furnaces. 


METALLURGY 


Virtually all molybdenite concentrate is 
roasted to technical-grade molybdic oxide 
(MoQ;), which in turn is the starting material 
for manufacturing most other molybdenum 
products. 


CONVERSION PRACTICE AT 
LANGELOTH, PA. 


ROASTING 


The concentrate is roasted in Nichols- 
Herreshoff furnaces altered so that all hearths 
except the lower two are equipped with indi- 
vidual gas outlets connected to a common verti- 
cal header flue extending to the top of the 
roaster. 

Preheating is done by natural-gas burners on 
alternate hearths, which are extinguished as the 
concentrate on the respective hearths becomes 
well ignited. 

The concentrate is fed from a small hopper 
to one point on the perimeter of the top hearth 
by means of ascrew conveyor. The shaft speed 
of the furnace varies with the charge from % 
to 1 r. p. m., to maintain the height of the 
ridges of ore at about 2% inches. Rings with 8 
small eas burners on each of the 2 hearths above 
the lowest assist in removal of sulfur from the 
roasted concentrate. which is discharged at 0.05 
to 0.10 percent of sulfur. 

Hearth temperatures are closely regulated by 
drawing a controlled quantity of air horizon- 
tally across them. 

The gases pass from the vertical flue to a two- 
stage multiclave dust collector and then are ex- 
hausted into a 500-foot, brick-lined, concrete 
stack. 

The roasted concentrate or molybdic oxide 
(MoQ;) is discharged from the furnace by 
gravity. 

CALCIUM MOLYBDATE 


Calcium molybdate is prepared by mechani- 
cally mixing an accurately weighted amount of 
roasted concentrate of known molybdenum con- 
tent with enough pulverized limestone to give 
a product analyzing 46.3 to 46.6 percent of 
molybdenum. 


MOLYBDIC OXIDE BRIQUETS 


Roasted concentrate (molybdic oxide) of 
known molybdenum content is thoroughly 
mixed with air-floated pitch and elevated to a 
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bin from where the mixture is fed by gravity 
to a 350-ton, fully automatic, hydraulic press. 
Four 4-inch-diameter briquets are formed per 
cycle of operation. The weight of each 
briquet is held constant within the limits of the 
accuracy of the briquetting operation, since the 
mix has a constant molybdenum content. 


PURE MOLYBDIC OXIDE 


Technical-grade oxide is fed in a thin layer 
to the sand hearth of a doughnut-type furnace. 
The hearth of the furnace moves under Globar 
heating elements operating at about 2,200° to 
2,300° F., giving a hearth temperature of about 
1,800° to 2,100°F. Air is drawn in over the 
heated surface and sweeps the MoO, vapors 
through ports in the outer perimeter of the fur- 
nace into a metal flue jeading to a bag filter, 
where the pure MoO; is collected. The tailing, 
containing 45 to 50 percent of molybdenum, is 
discharged by. means of a double-flight cutting 
and conveying screw and is suitable for use as 
raw material in other operations. 


FERROMOLYBDENUM 


Ferromolybdenum is produced by a silico- 
thermite process. The reaction pot consists of 
a bottomless, brick-lined, steel shell set over a 
shallow pit of sand. When filled, a dust hood 
is set in place, the pot banked with sand, and the 
reaction started by igniting the charge with a 
starting fuse. Most of the fumes and dust are 
drawn off by fans toa bag filter. 

A typical mix is 1,300 pounds of molybdenum 
as oxide, 1,200 pounds of ferrosilicon-aluminum 
(50 percent silicon, 10 percent aluminum), 800 
pounds of high-grade iron ore, 80 pounds of 
limestone, 80 pounds of lime, and 60 pounds of 
high-grade fluorspar, which yields about 2,000 
pounds of ferromolybdenum of 58- to 64-per- 
cent molybdenum content that is crushed to de- 
sired sizes, 


MOLYBDENUM SILICIDE 


Molybdenum silicide is produced in much the 
same way as ferromolybdenum. A typical mix 
for the production of molybdenum silicide is 
1,000 pounds of molybdenum in oxide, 259 
pounds of aluminum, 760 pounds of 90-percent 
ferrosilicon, 166 pounds of 50-percent ferro- 
silicon, 160 pounds of lime, and 50 pounds of 
high-grade fluorspar. 


SODIUM MOLYBDATE 


Sodium molybdate is produced by dissolving 
technical-grade molybdic oxide in a solution of 
caustic soda, filtering, evaporating, and drying. 

Figure 12 shows the general flowsheet of the 
Climax Molybdenum Co. conversion plant at 
Langeloth, Pa. 


MINING, BENEFICIATION, AND METALLURGY 


a” 


MoOs 


ROASTING 
HE RRESHOFF 
FURNACES 


ROASTED CALCIUM OXIDE 

CONCENTRATES MOLYBDATE BRIQUETS 

BULK, CANS, 
DRUMS 


MIXER HYDRAULIC 


E 
F 


SUBLIMATION 


PURE 
OXIDE 


LECTRIC 
URNACE 


PURE 
FERROMOLYBDENUM CHEMICALS 
UNIT 
OPERATIONS 


SILICOTHERMITE 
PROCESS 


FiaureE 12.—Flowsheet of Conversion Plant at Langeloth, Pa. 
(Source: Metals Technology, vol. 11, 1944, Tech. Pub. 1718, p. 3.) 


CONVERSION PRACTICE AT 
WASHINGTON, PA. 


Molybdenum Corporation of America, the 
world’s second largest producer of molybdenum 
products, converts molybdenite concentrate to 
molybdic oxide in two 16-foot-diameter Nichols- 
Herreshoff roasting furnaces. One of the fur- 
naces has 8 hearths, the other 10 hearths. The 
furnaces are operated on a heat gradient rang- 
ing from 300° F. on the first or drying hearth 
to a maximum of 1,250° F. on the roasting 
hearths. The furnace cycle from charge to dis- 
charge is approximately 4 hours. The sulfur 
content of the finished product ranges from 
about 0.06 percent to a maximum of 0.30 per- 
cent, depending upon the ultimate use of the 
oxide produced: 

The finished molybdic oxide produced for 
shipment to the iron and steel industry is sam- 
pled as it comes from the roasting furnaces, 
stored in bins, and then packed in either cans 
or bags before shipment. 

Bith high-carbon and low-carbon ferromolyb- 
denum is produced at the Washington plant. 
High-carbon ferromolybdenum is produced in 
the electric furnace, and the aluminothermic 

rocess is employed in producting low-carbon 

erromolybdenum. The electric furnace, ap- 
proximately 60 inches men and 54 inches wide, 
takes a total charge of about 1,600 pounds, in- 
cluding reducing agents and necessary slagging 
materials, and yields 750 to 800 pounds of fer- 
-romolybdenum. Each heat requires approxi- 
mately 3hours. By the aluminothermic process 
about 600 pounds of low-carbon ferromolyb- 
denum can roduced every 20 minutes, but 
because of the high cost of the reducing agents 
approximately 80 percent of the company’s 
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production is of the high-carbon, electric- 
furnace type. Some molybdic oxide is shipped 
to the company’s York, Pa., plant for the pro- 
duction of ammonium molybdate, sodium mo- 
lybdate, and pure molybdic oxide. Most of the 
pure molybdic oxide is processed further to 
metallic powder by carbon, natural gas, or hy- 
drogen reduction, according to requirements. 


PURE MOLYBDENUM TRIOXIDE 


The pure molybdic oxide is prepared by sub- 
limating technical-grade molybdic oxide or by 
calcining ammonium molybdate. It is also pre- 
pared chemically by precipitation with nitric 
acid. Sublimation begins at about 700° C., 
which makes it the preferred method of purifi- 
cation. Values of vapor pressure of pure 
molybdenum trioxide, calculated by K. K. 
Kelley (27), are: 


Temperature, 
Vapor pressure, atmosphere: ° Ky 

O00) is tee ee eS eee oS eco eed 934 
VOY at le eh Se ee oe al aS 999 

B (2 Sere Reser Oe no Pr en pr a ee = Soa 1, 074 

BO eT a ae a Ma a ee 1, 207 

Sev arate ip ete rere te ee NE eee es 1, 283 

Oks a rte ease EE ae attache Sper 1, 350 

6 ee see ee ye en etree ey Peron 1, 424 


The density of molybdenum trioxide varies 
according to the process used in preparation. 
The trioxide obtained by distillation has about 
half the density of the chemically precipitated 
substance. 

CHEMICAL PROCESS 


The chemical process or purification of 
molybdenum trioxide consists of dissolving 
roasted molybdenite in ammonia, filtering, and 
precipitating with nitric acid, which gives a 
relatively pure molybdic acid. The molybdic 
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acid is ignited to molybdenum trioxide at a 
temperature below 1,000 ° C. 


DISTILLATION PROCESS 


The distillation process consists of heating 
roasted molybdenite in a current of air at about 
1,000° to 1,100° C. and collecting the vaporized 
oxide in a filter bag. The process employed by 
Metallwerke Plansee, Reutte, Tyrol, Austria, 
1s described as follows (38) : 


Distillation units consist of quartz tubes in sheet-steel 
cases, mounted on trunnions, with gear for inclining 
the quartz tubes to any desired angle in relation to the 
collecting plant. The quartz tubes are wound with 
molybdenum wire, 1.56 mm. dia., which is afterward 
set in position with a thick slurry of fireclay. The 
space between the tube and metal case is filled with 
a mixture of fireclay paste and wood charcoal, the 
charcoal pieces being about 5 mm. dia. The object of 
the charcoal is to provide a reducing atmosphere of 
carbon monoxide for protection of the molybdenum 
wire winding. Incorporated in the sheet-steel casing 
is a large spring-loaded cover which acts as a gus-relief 
valve during heating up and when removed leaves a 
filling inlet for the fireclay-charcoal mixture. 

The quartz tubes are 15 cm. dia. and 60 cm. long, 
closed at the bottom with either a rounded or flat 
base. * * * The total diameter of a unit in its sheet- 
ae case is about 50 cm. and its total length about 

cm. 

Each distillation unit is equipped for rotation and 
fitted with brush gear on the drive at the base for 
transmitting current to the windings around the quartz 
tube. * * * Units are normally inclined at an angle 
of 20° to the horizontal, the open end of the furnace 
being at the top; but they can be set at any angle by 
means of a lead screw in front of each unit. * * * The 
operating temperature of each furnace is 1,000° to 
1,190° C, * * *, 

For collecting the molybdic oxide vapor there are 2 
hoods over each unit; these are connected through ex- 
haust fans to 2 collecting bags situated in a separate 
completely enclosed building. The collecting bags are 
16 meters long and 1.5 meters diameter; they are made 
of a coarse, acid-resisting cloth known as “Loden.”’ 
One collecting bag is for the initial distillates and the 
other for the pure product, which includes the re- 
distilled product from the first bag. The distilling 
units are on rails so that they can be moved under 
either of the hoods. 

To start a unit it is heated up slowly with a cover 
over the mouth of the tube. After drying out 
thoroughly the cover is removed and a charge of 3 to 5 
kilos is introduced. The temperature is slowly in- 
creased to 1,000°-1,100° C. while the unit is rotated and 
air is fed through an iron tube into the charge. The 
unit is operated under the first hood until about 100 
grams of the charge has vaporized, when most of the 
impurities are considered to have been removed. It is 
then pushed under the second hood and distillation 
continued until the bulk of the volatile material has 
been released. A further charge is now added and 
the process repeated 4 or 5 times, after which the tube 
is brought to the horizontal position and the residues 
removed with a rake. 


MOLYBDENUM METAL 


HYDROGEN REDUCTION 


Pure molybdenum trioxide (MoOQ,) is the 
pee raw material for reduction to metal- 
ic powder. The Metallwerke Plansee process 
(38) consists of reducing pure molybdenum tr1- 
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oxide in a hydrogen atmosphere that is carried 
out in 2 stages; the 2 furnaces, being of similar 
construction, have long mufiles that are elec- 
trically heated by heating elements composed 
of molybdenum hairpin wire or rods supported 
from the top of the mufile. A sheet of molyb- 
denum is fitted between the heating elements 
and the boats to prevent contamination. The 
purified hydrogen is dried by passing over 
solid potash. 

The first reduction is carried out in mild- 
steel boats that hold about 10 to 15 pounds of 
oxide. The operating temperature in the fur- 
nace is 600° to 700° C., and 1 boat is fed about 
every 30 minutes. 

The product from the first furnace is broken 
up aad: placed in nickel boats and fed at the 
rate of 1 about every 30 minutes into the second 
furnace, which is heated to about 1,000° to 
1,100° C., after which the metal powder is 
screened and ready for processing into other 
metallic shapes. 

A patented process® employs only one fur- 
nace in reducing molybdenum compounds, such 
as the trioxide or ammonium molybdate. The 
furnace for this process consists of a slightly 
inclined reduction tube of about 4 inches in- 
ternal diameter, covered with a suitable insul- 
ating material enclosed in a sheet-metal en- 
velop and heated by means of electrical resist- 
ance wires controlled by rheostats to provide 3 
heating zones. Both the feeding and outlet 
ends of the reduction tube are equipped with 
water jackets for cooling. A reducing-gas in- 
Jet. is provided at the outlet end of the reducing 
tube, an outlet for the excess gas and steam be- 
ing provided at the feed end of the tube. 
Water inlets are available for each heating 
zone, and the ends of the tube are closed by 
hinged doors, the one at the feeding end being 
equipped with a mechanical pusher for moving 
the boats containing the molybdenum com- 
pound through the reducing tube. The reduc- 
ing tube is made long enough to permit a given 
number of boats to be placed in the water- 
cooled section of the feeding end to insure oper- 
ation of the furnace for a desired number of 
hours without shutting off the furnace for re- 
plenishing the supply of material to be reduced, 
and the lengths of the heating zones are made 
proportionate to the time during which the 
boats are to remain therein. 

Operation of the furnace, using molybdenum 
trioxide (MoQOs;) as a raw material, consists of 
placing about 2 kilograms of the trioxide in a 
metal boat (constructed of nickel or another 
refractory metal) and then putting the loaded 
boats in front of the mechanical pusher. Then 
the doors at both ends of the furnace are closed, 


water is circulated through the cooling jackets, 


* Rennie, R. I. (assigned to Westinghouse Electric Corp.), 
Reduetion of Molybdenum Compounds; U. 8. Patent 
2,491.210, Dee. 138, 1949. 
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and hydrogen is turned on, flushing out the air 
in the tube to insure that no explosion occurs 
when the furnace is brought up to higher tem- 

rature. The desired temperature in the 3 

eating zones of the furnace is then raised to 
about 400°, 630°, and 1,075° C., respectively, 
after which the flow of water to the heatin 
zones is turned on and adjusted for desired 
dilution of the reducing gas. The mechanical 
pusher then moves the loaded boats through 
the various zones of the furnace at a rate of 
speed calculated to leave the boats in the first 
zone for about 1 hour, in the second zone for 
about 214 hours, and in the third zone for about 
314 hours. 

The operation therefore starts at about 400° C. 
with the hydrogen diluted with a maximum 
amount of steam, which starts reduction of the 
molybdenum trioxide toward the lower oxida- 
tion product molybdenum dioxide, avoiding a 
runaway reaction. 

The boats pass on to the second zone, where 
they are heated to about 630° C. in a reducing 
atmosphere more concentrated than in the first 
zone. Here the reduction to molybdenum diox- 
ide is substantially completed, so that upon 
reaching the third or hottest zone, where the 
temperature is about 1,075° C., the still more 
concentrated reducing atmosphere does not 
cause a runaway reaction or development of 
imperfect metal. 


FABRICATION 


The high melting point of molybdenum and 
its affinity for oxygen make it difficult to convert 
the powder to ingot form. 

Sintering.—Small ingots measuring about 2 

by 2 by 16 inches are made by pressing the pow- 
der into shape in a hydraulic press and pre- 
sintering in a hydrogen atmosphere at about 
1,000° C. in order that they can be handled 
without much danger of breaking. 
The presintered shape is sintered in a spe- 
cially designed electric furnace by clamping 
vertically between two electrodes, the upper one 
being fixed and the lower floating in a mercury 
bath. The body of the furnace, which is mov- 
able, is lowered to its base, and the air is re- 
placed with hydrogen. The electric current is 
passed through the bar or ingot and gradually 
raised until the ingot reaches approximately 
2,400 ° C. The sintered ingot is then ready for 
hot swaging or forging and further processing 
into sheet, wire, etc. 

Another process, for producing ingots 
weighing 250 to 500 pounds, is based on a re- 
versible oxidation reduction reaction between 
molybdenum powder and hydrogen-water vapor 
(Mo+2H,O0=MoO,+2H.). The process is 
carried out at temperatures well below the melt- 
ing point of molybdenum but gives a dense mass, 

* Metal Industry, vol. 75, No. 20, November 1949, pp. 
411-413. 

414189°—67_—_4 
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approximately equivalent in density and struc- 
ture to melted molybdenum. The process con- 
sists of pressing the molybdenum powder into 
shape by hydraulic pressure and placing in a 
molybdenum boat where the pressed powder is 
supported by thin, transversely corrugated, 
molybdenum strips with the upper portions of 
the corrugations coated with a finely divided re- 
fractory powder to prevent welding during 
sintering. The corrugated molybdenum strips 
also prevent the pressed powder from welding 
to the boat and provide free circulation of the 
furnace atmosphere around the pressed powder 
during sintering. The charge is placed in a 
special-type electric furnace, and the furnace 
air is replaced with hydrogen saturated with 
water vapor, then the furnace temperature is 
gradually raised to 1,500°-1,700° C., at which 
temperatures the ingot is sintered. 

Arc Melting.—Climax Molybdenum Co. de- 
veloped a process for producing large ingots 
of around 1,000 pounds by arc melting under 
vacuum. The process requires a specially de- 
signed electric furnace in which an alternating- 
current arc operates between a vertical consum- 
able electrode, made by extruding molybdenum 
powder through a special die fixed in the top 
of the furnace, and a pool of liquid metal. The 
electrode is partly sintered by resistance to the 
electrical current it carries into the arc. The 
lower arc-holding end of the electrode drips 
molybdenum into the pool below, held in a 
water-cooled copper cylinder, which serves both 
as the furnace bottom and the casting mold. 
The oxygen content of the ingot is controlled by 
adding a small amount of carbon. 


MOLYBDENUM REFINING IN JAPAN 


Molybdenum refining in Japan was described 
as follows (42): 


Imported molybdenite concentrate or calcines ob- 
tained by roasting molybdenum concentrate to elimi- 
nate the sulfur are the usual raw materials for re- 
fineries. If the concentrate has not been roasted previ- 
ously, it is generally roasted in gas-fired pan roasters 
at 600° to 700° C. for several hours until the sulfur has 
been oxidized and driven off. 

The Horikawacho works of the Tokyo Shibaura Elec- 
tric Co., Ltd., at Kawasaki, Kanagawa Prefecture, is 
the oldest molybdenum refinery in the country and has 
produced several times the tonnage of the next largest 
plant. This company obtained calcined concentrate 
made by roasting imported Korean concentrate from 
Awamura Mining Co., Ltd. A typical batch charge, 
to conform to the capacities of their equipment is 280 
kg. of roasted concentrate containing 85 percent MoOs, 
which is digested in a kettle for about 1.5 hours with 
270 kg. of ammonium hydroxide having a specific 
gravity of 0.9 at 80° C. The residue, which contains 
15.6 percent of molybdenum in the original charge, is 
thoroughly washed with water and stockpiled for 
future treatment. Molybdic acid is precipitated from 
the filtrate at 100° C. by adding 540 kg. of 1.35 sp. gr. 
nitric acid. Mother liquor from a subsequent crystal- 
lization step, which contains some molybdenum, is re- 
turned, and 1.3 percent of total molybdenum is re- 
covered. The precipitate is water-washed by decan- 
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Figure 13.—Diagrammatic Composite Flowsheet for Refining Concentrate in Japan. 


Source: Supreme Commander for the Allied Powers, Natural Resources Section, Tungsten and Molybdenum 
Metallurgy of Japan: Rept. 61, 19-46, p. 16. 
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tation ; the wash water, containing 2.1 percent of molyb- 
denum, is discarded. The molybdic acid precipitate 
is dissolved in 270 kg. of ammonium hydroxide solu- 
tion having a specific gravity of 0.9, then filtered to re- 
move any iron or alumina as hydroxides. The filter 
residue is rejected, causing a molybdenum loss of 0.6 
percent. The clear ammonium molybdate filtrate is 
partly evaporated at 110° C. in casseroles yielding pure 
ammonium molybdate crystals and a small amount of 
mother liquor, which is separated from the crystals by 
filtering and returned to the process at the point where 
nitric acid is added. Handling losses during evapora- 
tion and filtration account for 1.8 percent of the total 
molybdenum. The crystals are dried at 100° C. for 24 
hours and then charged into pans and placed in a 
homemade electric furnace, where ammonia is driven 
off at about 730° C. for 12 hours. The MoOs, in lump 
form, is crushed to pass 150-mesh screen and charged 
into nickel boats of 1-kg. capacity for reduction in 
single-tube electric-resistance furnaces holding about 
8 kg. each. Hydrogen manufactured by electrolyzing 
distilled water is passed through the tube to maintain 
a reducing hydrogen atmosphere while the oxide is 
being reduced to metal powder at a temperature of 
about 1,050° C. for 8 hours. About 900 m.3 of hydrogen 
a ton is required. A loss of 1.1 percent results during 
the reduction operations owing to careless handling. 
About 127 kg. of metallic molybdenum powder is re- 
covered that analyzes approximately 99.95 percent Mo. 
Overall recovery, which is 80.1 percent, could be im- 
proved materially by re-treating the residue from the 
first step where the calcined concentrate is digested 
with ammonium hydroxide. 

In the past carbon was used as the reducing agent, 
but all plants changed to hydrogen, because it gives a 
purer product. Different plants vary their flowsheets 
to some extent from that of Tokyo Shibaura Blectrie 
Co., Ltd., but basically they are the same. The varia- 
tion also is true of plant equipment, particularly 
of reduction electric furnaces, which are usually 
individually designed. 


Figure 13 is a diagrammatic composite flow- 
sheet of several plant practices in Japan. 


MANUFACTURE OF FERROMOLYBDENUM 


Ferromolybdenum may be produced in the 
electric furnace or by the thermite process. 
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In the electric-furnace process the raw ma- 
terials may be: Molybdenite, MoS.; molybdic 
oxide, MoQ3; calcium molybdate, CaMoO,; or 
a sodium molybdate slag, Na,MoO,. The re- 
ducing agent is usually carbon, although 90- 
percent silicon material can also be used. Lime 
and fluorspar are used as fluxes. 

When molybdenite is used as a raw material, 
about 100 parts of molybdenite to 58 parts of 
lime is necessary for slagging the sulfur as 
calcium sulfide, the reaction being: 2MoS,+ 
2CaO+8C >2Mo0+2CaS+2CO+CS,. It is 
said that the reaction works close to the theoreti- 
cal, and there is no difficulty in making a product 
with about 0.1 percent of sulfur and 1.5 to 3 per- 
cent of carbon. According to Eardley-Wilmot 
(9), Tivoni Electric Steel Co. of Canada manu- 
factured ferromolybdenum by using molyb- 
denite as a raw material in a single-phase 
electric furnace constructed of heavy boiler- 
plate, water-jacketed and lined with firebrick 
and silica brick. The charge consisted of 100 
pounds of concentrate containing 75 percent 
molybdenite and 9 percent iron, 120 pounds of 
lime, 10 pounds of coke, and 5 pounds of steel 
scrap. The charge yielded a product contain- 
ing 70 percent of molybdenum, 0.4 percent of 
sulfur, and 4 percent of carbon. 

Reduction of molybdenite with silicon gives 
the following reaction: MoS,+Si-Mo+SiS.,. 
The reaction using sodium molybdate slag as a 
raw material and carbon for a reducing agent 
is Na,MoO0,+3C3Mo+3Co+Na.O. The re- 
duction of sodium molybdate slag requires con- 
siderably more power per pound of molyb- 
denum produced than is required by the reduc- 
tion of the oxide or sulfide. 


PRODUCTION 


WORLD PRODUCTION OF ORE AND 
CONCENTRATE 


HISTORY 


Although the world contains innumerable 
deposits, mostly small, only a few countries 
have produced molybdenum in quantities ade- 
quate for their own needs. The Western Hemi- 
sphere, which has by far the most important 
molybdenum deposits in the world, has been 
the source of 87 percent of the total estimated 
world production. 

Early production of molybdenum was spas- 
modic, starting in Norway before the element 
was identified, when it is said that the mineral 
molybdenite was used under the names of “sil- 
ver stone” and “lead-pencil stone” as a lubri- 
cant and for polishing stoves. However, sys- 
tematic mining did not start until about 1880 
(7), when work at the Knaben mine in southern 
Norway was resumed. Production from this 
mine was irregular and small until about 1898. 
By the turn of the century, both Australia and 
the United States had joined Norway, but total 
production only amounted to a few tons an- 
nually. World War I created a heavy demand 
for molybdenum, which greatly stimulated ex- 
ploration and development of molybdenum de- 
posits in many parts of the world; the Climax 
deposit was developed during this time. How- 
ever, at the close of World War I demand for 
newly mined molybdenum decreased because of 
large inventories at mines and industrial plants; 
the sharp break in prices that resulted made it 
necessary for United States producers to close 
their mines before the end of 1920. Norway 
and Canada also ceased to produce in the same 
year, but Australia continued to produce a few 
tons annually. Research launched to develop 
new peacetime uses for molybdenum began to 
show results before 1925 and was largely re- 
sponsible for reopening of molybdenum mines 
in the United States and Norway. 

Table 4, showing world production by coun- 
tries, gives the producing countries and, for 
many, the quantities produced to date. The 
data for several of the producing countries are 
incomplete; in some instances, the molybdenum 
content was estimated from ore production. 

Outstanding are the United States produc- 
tion, the almost continuous production of Nor- 
way, and the production of Chile since 1988, 
which has made that country the world’s second 
largest producer. 
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PRODUCING COUNTRIES 


UNITED STATES 


The United States has the world’s largest 
known molybdenite deposits. It also has a 
rather large aggregate of wulfenite ores in the 
Southwest from which a large part of the early 

roduction was derived. Serious attempts have 
n made to mine molybdenum in about a 
dozen States, but mine shipments have only 
been made from Arizona, California, Colorado, 
Nevada, New Mexico, Utah, Washington, and 
Wisconsin. 

The first available data as to quantity output 
of molybdenum in the United States were for 
1898, when 16,000 pounds of molybdenite con- 
centrate assaying 42 to 56 percent of molyb- 
denum mined in Arizona and New Mexico and 
12 short tons of wulfenite concentrate assaying 
90 percent PhMoO, were shipped from the 
Mammoth mine, Pinal County, Ariz. Small 
annual output, principally from Arizona, was 
made until 1906, when production ceased and 
was not resumed until 1914. In 1917 active ex- 
ploration was begun by Climax Molybdenum 
Co. and the Molybdenum Products Corp, on 
different parts of the same large molybdenite 
deposit at Climax, Lake County, Colo., that 
were eventually to establish the United States 
as the world’s premier producer of molybdenum. 
By the end of 1918 linax Molybdenum Co. 
had a mill in operation with a capacity of 250 
tons of ore per day. Meanwhile, the Primas 
Chemical Co. began developing the molybdenite 
deposit as Camp Urad on Red Mountain, Clear 
Creek County, Colo. As a consequence of these 
developments, the center of molybdenum pro- 
duction moved from Arizona to Colorado. 
The end of World War I brought about a sharp 
break in the market that made it necessary to 
suspend production at the Climax and Urad 
mines in 1919. 

The mine of the Molybdenum Corporation 
of America, near Questa, Taos County, N. Mex., 
was opened in 1919 and made a small output 
in that year and in 1920, after which production 
was suspended until 1923. The mine has been 
a continuous producer since. Operations at the 
Climax mine were resumed in 1924; it has since 
been the world’s major source of molybdenum. 

In 1986 recovery of molybdenum as a by- 
product from copper ores was begun by the 
Utah Copper Division of the Kennecott Copper 
Corp. from the Bingham deposit in Utah. The 
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MILLION POUNDS 
70 


From copper and tungsten ores 


<1 From molybdenum ore 


1945 


following year the Nevada Consolidated Cop- 
a Corp., now the Chino Mines Division of the 

ennecott Copper Corp., became a producer of 
seg haley rom the Chino copper property 
in New Mexico; in 1938 the Miami Copper Co. 
began recovering molybdenum as a byproduct 
from its copper operations at Miami, Ariz; in 
1941 the Nevada Mines Division of the Kenne- 
cott Copper Corp. inaugurated recovery of 
molybdenum as a byproduct of its Ruth and 
Copper Flat operations and Custom Mines 
Corp.; in 1939 the United States Vanadium Co. 
(now Union Carbide Nuclear Co.) began re- 
covering molybdenum as a byproduct from its 
tungsten operations at the Pine Creek mine in 
Inyo County, Calif.; in 1951 the Bagdad Cop- 
per Corp. began recovering molybdenum as a 
Depo uel from its copper-mining operations 
at Bagdad, Ariz., and in the same year Phelps 
Dodge Corp. began recovering molybdenum as 
a byproduct from its copper-mining operations 
at Morenci, Ariz. Figure 14 shows the United 
States byproduct production of molybdenum 
compared with output from mines operated 
chiefly for molybdenum. 

Production in 1943 was 61.6+ million pounds, 
of which over 46 million pounds was produced 
from the Climax mine, where selective mining 
was employed. This was a record high for the 
mine. Climax Molybdenum Co. had reserves 
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1950 1955 
FIGURE 14.—United States Molybdenum Production. 


of broken ore at the beginning of the war 
amounting to about 23 million tons containing 
over 150 million pounds of recoverable molyb- 
denum. During the war this high-grade ore was 
depleted to about 9 million tons, and some un- 
broken high-grade reserves were also mined. 
Following the close of World War II, Cli- 
max Molybdenum Co., having a large inventory 
of molybdenite concentrate, Sharnly curtailed 
roduction and converted part of the mill to a 
yproduct plant to recover tungsten, tin, py- 
rite, topaz, and monazite.- As a result of this 
action and curtailed byproduct recovery, United 
States production hit a postwar low of only 
18.2 million pounds of molybdenum in 1946. 
In December 1950 Climax Molybdenum Co. 
entered into a Government contract designed to 
increase its production of molybdenum by ex- 
panding capacity, which included development 
of the Storke level of the Climax mine. In the 
succeeding years the company obtained another 
Government contract that also required further 
mill expansion and development of blocked- 
out ore which was largely a result of the 
Government molybdenum-expansion program 
calling for an increase of about 29.5 million 
pounds per year in addition to the total of 28.5 
million pounds produced in 1950. The expan- 
sion goal was later revised to 70 million pounds 
per year. 
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Taste 4.— World production of molybdenum in ore and concentrate, by countries, through 1955, 
in thousand pounds 


MOLYBDENUM—A MATERIALS SURVEY 


China 
Year ? Australia} Austria | Canada| Chile Finland | Italy Japan | Korea ? 
Man- Other 
churia Prov- 
inces 

Before 1905- -__-- 203 |_.------ OY. sete Aer lat Ste eee tee eee ess iieeceet et 
190052 ce estes OB se oe eterna sea teases cS, ato eee ete te NN nf hte ae a eel el ciate ieee cee Neate eS 
1906_________-_- | 7 eee ERE Rene mR, PARI e Senence (Nee ey MCE END: et MMMM OER IIE oP AUTON eRe RMSE) (dune are Soape) | CRT RM eme NS 
1907 22262 ene 21° Dial PER Sie eeeee RRO | Ee Renn at COREE re AL S| | Sone Mne Ie error (Since mis arene] Hc Poy pal SSE ae eee eNO Oe Ree 
GOB or reins 1 1 fee nes ec ne UR ema Nersepene: (ener Ccrmement vn, | een ierC Eineers!| Ninhamy Werceparee, | emer enc aee | Reeedlntet urea 
1909__________-- DG Vecchi orth es a as ep eel cele IN le ee sane Sata 2 
1910: 22 ccceect nd | Se (eee teks eee LOE Ame eDME RTS) |SUERNIIRNDR IyAt| (ane PaNae nnnY /EER SWE Ne MONS, (NOMEN WT nm ETC (ESD er Oe eT KIS R SET Seen 
JOD Sees 137 Wish Se Gan eee eee eee eS i eee So be ee ees ei ote eee eae 
1912.22.20 2ecece i ae ha coe te eh Sia ei coc as heals od he alas ee aes 
VOUS oie eke ees L 163 ate ce eee ee Ee wt ela Calo Ne eee hele eee ts 
1914______-____- 170 Vette i (ee OE ce Uae eee nT De aon We ir] AON EDS ON Ae Oe | Ne ee ER, OTN ERLE | RET g Oa 
1916.22.05. 26422 148 |__.____- DB ee aaa eh Nee etal tone Be rel es Sew, hla ate 
1916___.___-_-___- 150 |_.------ 95 |__-_-_-_ ee ene eee eRe (eee ETS ee 
GOUT oo ern cks 216 33 | Ag Sa eee A A etter et te eter lsat ws 
1918.22.25. oe 227 26 BOE. Nee De cpt rte Weta cena Ragan et. 
1919___._______- 216 29 SD Massa aes pp a ener Ses ne Nagata re act lactase ee nee tears aS fe Se esa a 
1920___._______- 99 BA steht NG ss 1) ae ee ee VN SPR FRNRT Oe WE eo 
1921 2252s ee de 18 Bil eke eels eet he ee ese nee re ed ees Soe ra ere eae 
1922 coe se ees Le (io ah eee Rn CR Omen Hee ao eed LM MORN CONS) (Cee orn a ome, POS CERNE Tan nen ee mn eS: (SE Speen eye! ft eaer ee ee 
928 oe 82 OG Masa nc a Mat wae Neg Mae nce Mat ge mh pact Pla Nad rs tees Paint Matas bene ghee 
1924. fo fo 66 86 DY a oh ace, wise sad te tense Seal alia eRe tatty oat oc atolls cen ee AEG ae ata yh la 
1925 ees eden 49 18 De Ne cseh 8 tes te ee ce tal ie AP ara nag Shes Rte pall ida a aA eh NS cach 
1926____.______- 49 40 DS encase ec oN aces a tt eae 2S le ee les a tele bees 
| 7 ee (8) Cn a Nan Fc a otc Al hea ok ANEW Sea ecictecees telah ataaeeeh da aaa: Sy ante week st 
| 2) eee em A tater ie coos che cael aa he eI coed ht ete Ges aot te ie 
1929__.___._..__- (*) 7 | il eee es einai anna: 9 
1980 seewiacicteed (8) Co) a (ERE PCR Oe ny Jee ne rea aria (ACER oes eee 4 
1931 eee oe Seas Cy tcf ee ell ait Ner ot le Sas one hae mace ate net eee ena ae rt ina Ree 
19032325 occe eae CSE RES oes SORES! (RS SR eae | OO SNN Reet Re ere tees (*) 
19332 2225u5ce582 2 Ss Rasen (rea pene, (eR re anne nes Sey a nee trae (*) 
VOR4 ces pee Oe eee | ee oe ee a nt een (*‘) 
1980242 se ee RD ai tae td pees eae eee a a ce 114 
19363262 60<25200 1. Eh) ne ne Ce eee wee eee eens Pam ee 17 
so i ae (Ee ee 9 al eee esi, te 113 
1938.__.-.------ a) a ee Ge Nsetie tees oe! (8) N 7 
1939. eee des 86 |_..--_-- (‘) 66 (8) 7 
1940___..__.___- © Oi ee eee 11 589 (8) 115 
1041 oo eee |S as ia ee 104 505 10 165 11 J] 
1042 oe tet 15 9 95 1, 279 10 847 117 
19043...22.2eeecu 31 11 392 1,499 /!9 1, 138 (8) 
1944___________- 22 15 1, 122 2,317 }!9 1, 138 (8) 
1045 3 (*) (*) 503 1, 854 19 66 (8) 
1946___._---_._._- 9 44 406 1, 235 (8) (8) 
1947__.___-______- 4 4 456 886 (8) (8) 
1948___________- 4 4 183 1,173 (8) (8) 
1949__.__------ 7 >) | ae 1, 230 (8) (8) 
1950 aha ee 7 40 62 2, 187 (8) (8) 
js) epi ar (?) 42 229 3, 803 (8) (8) 
1952___________- (*) 40 304 3, 624 (8) (8) 
1963.2 22542 sc ee ()  tuigecvan 194 3, 031 (8) (8) 
1954 see el a eee 452 2, 663 (8) (8) 
19562222822 55262 (?) (8) 774 2, 817 (8) (8) 


1 Molybdenum production in Bolivia, Burma, France, Germany, 
Hong Kong, Indochina, India, Greece, Rumania, and U. 8. 8. R. in- 


cluded in estimate for years in which production was made. 
world estimate includes production in Chile, Italy, and Peru. 


Before 1931, 


For 


1946-54 estimate also includes North Korea and Spain for years in which 


Google 


production was made. Annual estimates are rounded and do not neces- 
th agree with the combined totals of the producing countries. 
1 This table incorporates a number of revisions of data published in 
previous Molybdenum chapters, Bureau of Mines Minerals Yearbook. 
3 Beginning 1946, South Korea only. 
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Taste 4.—World production of molybdenum in ore and concentrate, by countries, through 1966, 
in thousand pounds—Continued 


Mexico | Morocco, | Norway| Peru Spain | Sweden| United Yugo- Total Years 
French States slavia world 
Gets tlle ces VG ese Boke see ase 282) cose ccuscc 600 | Before 19085. 
Bensea ether aa ei ee BOs Meese oe eee es (5) seen ate 200 | 1905. 
sg toes a tres ees enna 75 CE) ene cratic [eRe REPNRIO ee ns a Me me Dosey gene MRE (ae aoa eNOS 200 | 1906. 
dig Sat She cae ea ad tat OO We ob Ake 3 a ee ae (Oa a eter ea et 200 | 1907. 
a fs ip ha R cD atete eeh faa p's |S eae PG NAPE OME te Be penton [uc Se ae neni |r Mn cts 300 | 1908. 
aetna! | Inset Dee eee? a Cor CSET MINOT A Te) |e Mee aDy We aeetes |e nee meer ani en 200 | 1909. 
Eee Gem (rence eae NtnTIey| DOORN TIREE a) pet MOR wanes) (ECO A veNEL| ener URMRESE Reg [eee tee ee Ne [eee ae es 200 | 1910. 
ARTs Petes) Gene eeeeer ene At en eRe | eae EET Se NTER, (ee Eee | (ARERR ceeee een 200 | 1911. 
Seay hasta etree le ha ret DO. letoeses S| joie cs etait ee tote cleus he ae. 400 | 1912. 
Fen, eee ae ey aes ae Aenea eae |: at (CRO OAR nce og ace 7 200 | 1913. 
Se cheuets dl ieee etate ie a ees 31 2 2 11 300 | 1914. 
ST REN ee ee tee 99 |_---__-- 11 9 182 15 600 | 1915. 
ES ORI Pee DEERE 116s oeseeese 300 2 207 11 1,000 | 1916. 
deemed: 1S]. eee: 68 46 351 7 1,300 | 1917. 
Stes eats 148 |_...---- 44 55 BO? fssoeiese iu. 1,800 | 1918. 
ee eee aS Vo ‘le Besdiwe 2 (*) 298 Nee Svew oes 900 | 1919. 
pepe eae eh bass eared ie Sects os 24 (4) BO Sees. 400 | 1920. 
ERIE PORE, (Ein Re TSOP Eat eR (oe ee (ema eER SR (NETO W ated Eee mE RNS! |S Ae pen een eee a 100 | 1921. 
Bh ec NN arya ac hac Naa ne hs GN ac Nga Ma he Pe tet MB Sapa a SM as Ss 100 | 1922. 
yates rah ce Stelle A Vi sceleats tome lage hte SN catia Se 4) Aad en ene 300 | 1923. 
eo as eek C6 isc pee eel ee ees eee 298 levee: 600 | 1924. 
i Pee tl tat 1 0]? el enentoeenaen ee erence eee 18 j as st a) eee 1, 500 | 1925. 
pene Scena? | i: | nee, eae area 7 1432) eck cee 1,800 | 1926. 
pers cin (tities $633 ode eS toaies et Sheet 2,299 |_.___.---- 2,700 | 1927. 
Pee eee 74), a Sn ae, MP eine, |e ames aaa 3, 428 |_.-------- 3, 800 | 1928. 
Best ondas take D2, GR Paar ie aeen| CRI Se Deen, nee Grete O44 OD Wich sine 4,400 | 1929. 
eae Rees DB? Nis le tyeea aes Sloe Soot 5S a 7% a (ee 4,200 | 1930. 
Bee ae tee OOTP ie ahae en eine ose Lome te 2 ied 55S a eee 3, 500 | 1931. 
348 | (gag Me gererees, (yer eee 2, 431: Wocoseee eu 2,900 | 1932. 
547 Os hee Se eee 5, 682 |.--------- 6, 600 | 1933. 
322 MG Us ts aha so | ee 9, 362 |_._______- 11, 300 | 1934. 
855 D5 2326.21 oN er Diets 11 O12 eters aoe 14, 400 | 1935. 
930 QO Niecy eat | oe ci 17, 186 |._--.--___- 19, 900 | 1936. 
758 134 cic lee tee e 29, 419 163 32, 600 | 1937. 
1, 019 20S? heen le ales 33, 297 99 36, 200 | 1938. 
941 364 |________ (8) 30, 324 170 34,400 | 1939. 
633 BOO! leks caste ied ee encted 34, 313 115 38, 300 | 1940. 
505 1) 17 1 eee a (eae eared 40, 363 |_.______-- 44, 800 | 1941. 
811 O40 oe eek e eee 56, 942 |.--______- 64, 000 | 1942. 
501 LBC Vechten 26 61, 667 |_.___-__-- 69, 700 | 1943. 
ehh the ete 547 VBT hess pees 44 38, 679 |_---___- 47, 300 | 1944. 
Sea ee 168 64 |___.____ 7 30, 802 474 36, 000 | 1945. 
22 A eer eee (eee eS 18, 218 159 23, 900 | 1946. 
216 i) Senne terre ter ncaa cate 27, 047 |... _-__- 30, 900 | 1947. 
SET ae See [ae eee meee 174 4}________ 2 26, 706 |______._-- 30, 000 | 1948. 
Pee teen iene eee 156 7 ar ee 11 22, 530 536 25, 200 | 1949. 
al ete gte ea |e ta Sil el cee 148 a ee nme 13 28, 480 384 32, 000 | 1950. 
CREE RE Eton eee Te 276 | G@l| (ROR ame, (cine ee ee 38, 855 679 44,700 | 1951. 
eee pee) nearer ae 282 / | ee eaeeemee ate 43, 259 1, 453 49, 800 | 1952. 
tah cat mated 317 11D (ie eeaeeeeen ane (aceon Once 57, 243 1, 920 63, 800 | 1953. 
re tne 335 3 I Nee! | a PEE 58, 668 441 63, 900 | 1954. 
Cee bia aeatere 379 pias (aie eine e)| Rene ee te 61, 781 (8) 67, 200 | 1955. 
¢ Less than 1 ? 9 h ; - 
§ Not Lovaas pe o-enrtr included with steel-hardening metals. Pee MoS. pe sold po maar Saree yee 
ER 10 Exports to Japan proper. 


? 690 long tons of ore exported from Victoria not included. 


" Data represent areas designated as Free China during the period of 
* Data not available; estimate included in world total. 


Japanese occupation. 
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46 MOLYBDENUM—A MATERIALS SURVEY 


TaB.E 5.—Salient statistics of molybdenum concentrate in the United States, 1939-56, in thousand 
pounds of molybdenum contained in concentrate 


Produc- | Shipments Imports | Consump- 
Year tion (including | Exports for con- tion 
exports) sumption 

1989 veer sec Se soredee Sovesene setae 30, 324 32, 415 (?) 

19402 eet ee ee ewe ee eeeueeess 34, 313 25, 329 6,585 |.....----- 
1041 cet ete eet ee ke paeekeesess 40, 363 38, 377 7, 640 

1942 fees ee cs cee 5 ete eas 56, 942 66, 437 11, 597 

148 6 cael ae oe reed ed ee ene as 61, 667 53, 955 10, 071 

104 Fe hee eee eee sss 38, 679 39, 423 5, 985 

19405 6c eee eee omnes 30, 802 33, 683 2, 863 

VO AG ete eee Saal yete ee 18, 218 16, 787 565 

1047 oe ee tee are Sees t 27, 047 22, 190 2,989 |._-.....--- 
1043 hee tee ae eee eed 26, 706 29, 669 4,132 |_..----__- 
1040225 e se erate eus occas rnieees 22, 530 23, 5, 320 

1900 coc Ste ka eee Oe tee eee 28, 480 44, 544 6, 235 

MOS Toh occ echoes elo eee ede oeise 38, 855 37, 955 3, 729 

|) - FER ee ert rg Rg ey eee ge a 43, 259 42,717 6, 172 

|! [5 Sane cae maar TOO ee Res erry ecto ne eon eA 57, 243 53, 823 4,087 |aoencch es 
1004 2 2c se eet e ee eee oes cee 58, 668 64, 775 13, 547 

W008 Se Se cee ee sr ae nets 61, 781 64, 467 14, 580 

! At mines and at plants making molybdenum products. 36 months, July to December. 
8 Data not available. 410 pounds. 


TABLE 6.—Salient statistics of molybdenum products) in the United States, 1943-65, in pounds of 
contained molybdenum 


Year Production 
14S aps nt ae Se Se ee eebe hes 47, 982, 700 
| 8 7 Re teehee tae cP RO ge wae eer en Ee neee Detar oe Bee 30, 579, 800 
1 87 USD eth em ee ne One ee Ren 32, 406, 300 
1O4G eo kh oe ee oe be eee eee oes 15, 039, 100 
TOA Fs esas wean 2 ek ee Et 20, 659, 700 
1 7S; Sen eect ce Pene goer eae Pe erie Pe a Rr 24, 445, 300 
| LY: CS een Pann CRE Oe ee es ee 19, 624, 200 
1950. <6 2 cin os ee ie het ae ele tate 25, 347, 800 
Ue cia ene yt Ae dss tat ne ee pe the 32, 775, 000 
MD sen ay oo ety en ao Bins 32, 382, 600 
NODS 25 oss ot lh Soe a idl is 2 ee 30, 283, 000 
154 e hee hee Le ae oe, aee 24, 328, 000 
PODS eres ee ee Oe 37, 774, 000 


Shipments 
Stocks 
(producers) 

To domestic Exports Total end of year? 
consumers 
38, 865, 500 | 4,571, 700 | 43, 437,200 | 12, 176, 000 
31, 138,500 | 1, 577, 500 | 32, 716, 000 , 069, 
26, 977, 200 | 1,327,000 | 28, 304,200 | 10, 176, 000 
16, 501, 700 442, 400 | 16, 944, 100 8, 211, 000 
19, 878, 500 866, 400 | 20, 744, 900 8, 126, 000 
23, 808, 900 | 1, 215, 800 | 25, 024, 700 7, 547, 000 
15,019,000 | 1,314,100 | 16,333,100 | 10, 838, 000 
32, 735, 700 | 1,955,100 | 34, 690, 800 1, 495, 000 
29, 845,000 | 1, 387, 700 | 31, 232, 700 3, 037, 000 
30, 210, 700 | 1, 843, 600 | 32, 054, 300 3, 373, 000 
29, 595,000 | 1, 107,000 | 30, 701, 000 3, 894, 000 
23, 717,000 | 1, 640,000 | 25, 357, 000 3, 430, 000 
35, 935, 000 | 2,671, 000 | 38, 606, 000 3, 156, 000 


1 Comprises ferromolybdenum, molybdie oxide, and molybdenum salts and metal. 


2 Reported by producers to the Bureau of Mines. 


During 1954 Climax Molybdenum Co.’s ex- 
pansion program was completed, and according 
to the company’s Annual Report to the Stock- 
holders **— 


The mine produced and the mill treated 8,709,900 
tons of ore during 1954, an average of about 27,500 
tons per working day. This was the largest pro- 
duction from any single underground mine in North 
America. Regular grade of ore was drawn approxi- 
mately half from the Phillipson level and half from 
the Storke level. All low-grade ore was produced from 
the Phillipson level. 


This development, along with increased by- 
product production due to improved selective 


11Climax Molybdenum Co., Annual Report to the Stock- 
holders: 1954, p. 3. 
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flotation systems installed by some of the cop- 
per companies, resulted in the United States 
production reaching about 58.5 million pounds 
of molybdenum contained in concentrate in 
1954. Mine shipments of molybdenum in con- 
centrate during 1915-53 totaled 683,894,000 
pounds, with Arizona supplying 2.81 percent, 
California 0.77 percent, Colorado 66.46 percent, 
Nevada 0.41 percent, New Mexico 3.58 percent, 
Utah 25.97 percent, and Washington and Wis- 
consin less than 0.1 percent combined. 

Salient statistics for molybdenum concen- 
trate in the United States are given in table 5, 
and table 6 supplies salient statistics on molyb- 
denum products. 
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ARIZONA 


Arizona was the principal producer of molyb- 
denum ores in the United States before 1918, 
when it was surpassed by Colorado. The pro- 
duction, mostly wulfenite, came largely from 
small mines. ‘The old Mammoth mine at Shultz 
(about 40 miles north of Tucson), Mohawk, 
New Year, and Copper Creek properties were 
among the earlier sources of molybdenum in 
Arizona. Miami Copper Co., Bagdad Copper 
Corp., Phelps Dodge Corp., American Smelting 
& Refining Co., and San Manuel Copper Corp. 
recovered molybdenite from their copper- 
mining operations in 1956. 


CALIFORNIA 


In 1939 the United States Vanadium Co. be- 

n the byproduct recovery of molybdenum 

rom its tungsten-mining operations at Pine 

Creek near Bishop, Inyo County. The molyb- 

denum minerals in the ore are molybdenite and 

powellite. Some molybdenum concentrate was 

roduced from small mines during World War 

, but total shipments amounted to less than 
4,000 pounds. 


COLORADO 


The largest output of molybdenum has come 
from the large deposit at Climax, Colo. The 
deposit is 13 miles northeast of Leadville at Fre- 
mont Pass. The altitude is 11,300 feet, and 
climatic conditions are severe. Snow can be 
expected during any month of the year. Winter 
generally sets in about November 1, and the 
ground remains covered with snow until about 
June; but, in spite of these severe climatic con- 
ditions and the relatively low-grade ore deposit, 
it has been developed into the world’s largest 
source of molybdenum. 

The Climax deposit was explored in 1917, 
and during 1918 a mill with a capacity for treat- 
ing 250 tons of ore per day was installed. The 
mill was later enlarged to handle 1,000 tons of 
ore per day, but owing to lack of demand for 
molybdenum, it was shut down in 1919 after 
having produced concentrate containing a few 
hundred thousand pounds of molybdenum and 
was not reactivated until 1924. The mine and 
mill have been operated continuously since 
1924; and capacity has been increased from the 
original 250 tons per day to 32,000 tons in 1956. 
Production rose to about 20,000 tons of ore per 
day in the World War IT years and decreased 
to 5,000 tons per day in the first half of 1950.” 
At this time an expansion program was begun, 
and in 1955 daily production reached 30,000 
tons. 


13Climax Molybdenum Co., Annual Report to the Stock- 
holders: 1950, p. 1. 


Google 


On Red Mountain in Clear Creek County, 
about 35 miles northeast of Climax, is the Urad 
molybdenum mine. It was operated by Primas 
Chemical Co. in 1918 and later acquired by the 
Molybdenum Corporation of America. The 
mine was last operated in 1946, when about 
200,000 pounds of molybdenum was produced. 


NEVADA 


The California Molybdenum Corp. developed 
the Shenandoah claim at Goodsprings and pro- 
duced some wulfenite in 1935, but continuous 
production was not begun until 1941. At that 
time the Nevada Mines Division of the Kenne- 
cott Copper Corp. began to recover molyb- 
denite as a byproduct of the McGill concentra- 
tor, where oP r ores from the company Ruth 
and Copper Flat operations and from the Con- 
solidated Coppermines Corp. Emma Nevada 
group are milled. 


NEW MEXICO 


As early as 1898 some molybdenum was pro- 
duced in New Mexico. The Stephenson- 
Bennett mine at Oregon produced wulfenite in 
1918. The Questa mine, Taos County, was 
opened in 1919 and since 1923 has been a regular 
producer. In 1937 the recovery of molybdenite 
as a byproduct of mining copper ore at the 
Chino mines was begun, and since 1939 the out- 
put of molybdenite from this operation has ex- 
ceeded that at Questa. 


UTAH 


Except for several hundred pounds of molyb- 
denum contained in molybdenite mined near 
Alta in 1916 and a few hundred pounds pro- 
duced near Gold Hill in 1917, the output of 
molybdenum in Utah has come from the mining 
of copper ore at Bingham, where commercial 
recovery of molybdenite as a byproduct was 
inaugurated in 1936. Except in 1947, when it 
ranked first in production, Utah has been the 
second-ranking producing State since 1937. 


WASHINGTON 


In the latter part of the 19th century and the 
early part of the present century sporadic ship- 
ments of molybdenite were made from the 
Crown Point mine in Chelan County, the 
Castlemon mine in Whatcom County, and a 
property near Lucerne, Chelan County. The 
Deertail Monitor mines in Stevens County made 
small outputs between 1936 and 1941. 


WISCONSIN 


The only reported production of molyb- 
denite in Wisconsin was in 1939, when 3 short 
tons of concentrate was produced at a property 
in Marinette County. 
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FOREIGN COUNTRIES 


AUSTRALIA 


Australia began producing molybdenum con- 
centrate before the beginning of the century and 
for a period before World War I was the 
world’s leading producer. The country’s pro- 
duction reached a peak in 1918, when concen- 
trate containing about 227,000 pounds of molyb- 
denum were produced. Production gradually 
declined for the next several years and has now 
virtually ceased, except for small quantities re- 
covered as a byproduct in mining for wolf- 
ramite, bismuth, or quartz crystals. 

Molybdenite is the only molybdenum mineral 
of importance mined in Australia; but minor 
amounts of molybcite have been mined, and 
wulfenite from the Junction mine at Broken 
Hill, Queensland, has been recorded. 

Although deposits of molybdenite in Queens- 
land, New South Wales, and Victoria are 
numerous and scattered deposits are known in 
Tasmania and Western Australia, production 
has been small, and none has proved to have 
major importance. The Everton mine in Vic- 
toria, Wolfram Camp, and Bamford in the 
Chillagoe mining district of North Queensland 
and Kingsgate in New South Wales have yielded 
most of the country’s molybdenum output. 

Before 1941, when Broken Hill Pty. Co., 
Ltd., installed a furnace for producing fer- 
romolybdenum, all of Australia’s molybdenum 
production was exported, mainly to the United 
Kingdom. 

CANADA 


Molybdenite was first produced in Canada 
in 1886 (9), when a small quantity was sold for 
cabinet specimens. No further production 
was reported until 1902, when a small ship- 
ment of molybdenite ore mined in [Laxton 
Township, Victoria County, Ontario, was 
made; however, production was negligible until 
World War TI, during which time many oc- 
currences and small deposits were explored in 
various parts of the Dominion. 

The Moss mine, at Guyon, Onslow Township, 
Quebec, yielded about 80 percent of the total 
Canadian output during the World War I 
period and was at one time the world’s largest 
producer, but the sudden fall in the molyb- 
denum market in 1918 caused collapse of the 
Canadian molybdenite-mining industry. Very 
little production was reported during the next 
year; it ceased in 1920. No further production 
of molybdenite was reported until 1924, when 
a few tons was produced. 

Although molybdenite was discovered in La 
Corne Township, Quebec, in 1915, no active de- 
velopment of the La Corne property occurred 
until 1927-30, when a shaft was sunk and a 
mill erected, but production ceased after only 


Google 


MATERIALS SURVEY 


a few tons of molybdenite concentrate had been 
produced. 

From 1943 to July 1945 the property was 
operated by a Crown company that produced 
198,457 tons of ore, grading 0.67 percent Mos,. 
In 1945 Molybdenite Corporation of Canada as- 
sumed control of the property and continued 
operations until December 1, 1947. From July 
1945 to December 1947 Molybdenite Corpora- 
tion of Canada, Ltd., milled 197,800 tons of ore, 
averaging 0.50 percent MoS.. Operations were 
suspended on December 1, 1947, and resumed 
early in 1951 after a new and more efficient 
treatment process had been developed. The 
companv negotiated a contract with the United 
States Government to supply 6 million pounds 
of molybdenite at over the prevailing market 
price in 19538. The mine has been Canada’s 
only source of molybdenum in recent years. 
Other mines and areas in Canada from which 
molybdenum has been produced are as follows: 
. Clinton district 
. Dome mine 
. Martel mine 
Molly mine 
. Moss mine 
Nakina mine 
. North Almerican—Regina, McCoy, and Zenith 

Cos. 
8. Renfrew County 

Canada had no facilities for converting 
molybdenite concentrate into primary prod- 
ucts ; consequently, its production was exported, 
mainly tothe United Statesand Europe. How- 
ever, a plant for converting concentrate to 
molybdic oxide was reported to have been con- 
structed in 1956. 
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CHILE 


Chile is second only to the United States in 
the production of molybdenum. Except for a 
few tons of molybdenite concentrate produced 
at Cupane near Tacona, in the northern part of 
Chile, during World War I, all output is from 
byproduct recovery of molybdenite contained in 
copper ores of the EK] Teniente mine of the Bra- 
den Copper Co. at Sewell. 

The Braden Copper Co., a subsidiary of Ken- 
necott Copper Corp., inaugurated recovery of 
molybdenite from its copper operations in 1939, 
when concentrate containing about 66,000 
pounds of molybdenum was produced. Peak 
production of about 3.8 million pounds was 
made in 1951 as a result of the installation in 
1950 of an improved selective flotation system 
that greatly increased the recovery of molyb- 
denite. Byproduct production of molybdenum 
contained in concentrate from the Braden Cop- 
per operations for 1939-54 has amounted to al- 
most 28 million pounds. 

Since Chile has no facilities for converting 
molybdenite concentrate into primary prod- 
ucts its production is exported, mostly to 
Europe. 
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JAPAN 


Japan has no important molybdenum de- 
posits, and Japanese mines have satisfied only a 
small part of the demand of Japanese industry 
for molybdenum concentrate. 

Molybdenum was first. produced in Japan in 
1908, and by the end of 1920 about 475,000 
pounds had been produced from several mines. 

No further output was made until 1934. Dur- 
ing World War II the Japanese Government 
offered high subsidies and other concessions to 
producers of molybdenum, which stimulated 
peoeaenen to a peak of over 400,000 pounds in 
1944, 

Four mines—the Hirase, Yamasa, Okowome, 
and Seikyu—supplied about 55 percent of the 
total output from 1934 to 1945 (44). Many 
other mines and prospects supplied the remain- 
ing 45 percent. 

Molybdenum mining in Japan was suspended 
temporarily at the end of World War IT but 
was resumed on a small scale in October 1945. 
The reserves of low-grade ore, which were 
blocked out during the highly subsidized war- 
time operations, were small and relatively un- 
important. 

The Honshu, Shimane, and Yamasa mines 
in Gifu Prefecture and the Taiyo-Daito mine 
in Shimane Prefecture are probably the only 
mines of any importance in Japan that were 
producing molybdenum in 1955. 

Processing of molybdenum concentrate in 
Japan began on a small scale in the early 
1920’s, but the demand for concentrate did not 
ex a few tons yearly until 1931, when 
Japan’s first ferromolybdenum plant was built. 
The large ferromolybdenum capacity estab- 
lished created a demand for concentrate that 

reatly exceeded the output of domestic mines. 

he deficit was met by importing concentrate, 
first from Korea and later from the United 
States, South America, and Manchuria. 

Japan’s output of ferromolybdenum increased 
from 21 metric tons in 1931 to a peak of 1,802 
metric tons in 1940. No production was re- 
ported in 1948; but it was resumed in 1949, 
reaching a postwar peak in 1954 of approxi- 
mately 690 metric tons. During 1935-54 
Japan’s ferromolybdenum production totaled 
about 8,500 metric tons. 

According to a report (42) on metallurgical 
plants of Japan prepared by General Head- 
quarters Supreme Commander for the Allied 
Powers, the Tsukuda ferromolybdenum plant, 
at 18, 5-chome, Tsukuda-Cho, Nishi Yodogowa- 
ku, Osakashi, Osaka, has two electric furnaces 
with a designed capacity of 600 metric tons 
per heat. 

Japan’s production of metallic molybdenum 
powder and other molybdenum products in- 
creased gradually from 2 metric tons in 1931 
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to 123 in 1944. Suwa, Aoto, Sunamachi, Toko- 
Denki, Horikawacho, Niigate, Kobe, and Fu- 
shimi are the principal plants that produce 
molybdenum powder. 

Salient statistics on molybdenum in Japan, 
1925-55, are given in table 7. 


Taste 7.—Salient statistics of molybdenum in 
Japan, 1925-55, in metric tons 


Concen- Ferro- Refined 

trute moly b- molyb- 

Year mine. pro- | Imports ? denum denum 

duction ! produc- produc- 

tion 3 tion ¢ 

1925 226 oi cos woe a Sot aeco teeta nS Oe oo cee se 1 
W264 s5.ccc at eh ie enc ood ed ce a eee ee ree 1 
W027i ek ee Soe oes oct tite oes ca ZO etceebe wee 1 
UPA or Sees nc Sense es ee SA OO Weeatea meas 1 
POD) ee teocies gan adie |edit Sele BOe os eeint et os 3 
NYSO 22 Joins heltinta fentt Siete fh 220i | est Ue oe 1 
W9ST Ses tet heh cee ee 24 21 2 
UR 2 oe oe edie, cathe lets oR ered oe 45 85 3 
SS ae cecil dei en tds Cede agi a! 105 286 § 
1934. 222 cnt Sones e 3 103 132 5 
T0355 oe.o5 SoS cee Me aie 4 106 188 5 
POSH os oc eed es cess 4 80 199 6 
WS 7 Foe pts coh etc 2 539 285 9 
PUR ave se Padi tai 1 1, 025 672 15 
VO89 a2 Ae ee ete Se hes 17 4, 361 1, 415 20 
W402 ee 14 1, 271 1, 802 26 
WA ee ced 19 677 988 29 
WA 2 re tes eich Le 39 1, 500 546 38 
Lot aS bat ako 84 1, 154 365 122 
VWO44s oe oo eee ee 188 1, 858 337 123 
LOA a oe ee ip tS 95 y2 §72 41 
WONG 222.36. pene cok 52 N.a 14 N. a. 
WON core eee hee oe 21 N.a 2 40 
WOSS oe oo et oee eed 1 N.a8 fae oe 27 
DOD co eee in BS ts ace nt N.a 209 16 
| US 9 ee ar mee ee ae eee 13 38 141 7 
jy Me Nive een enna 54 75 93 15 
O52 esc coo eee ee! 89 115 163 N. a. 
LOSS sec ek ot ee 180 219 334 N. a. 
Tod. oo ote erccen cide 206 702 693 N, a. 
1950. 2esseet dees 190 N.a N. a. N. a. 


! Contained molybdenum. 

2 Gross weight of concentrate. 

3 Gross weight (contains about 62 percent molybdenum). 
4 Mostly powder products, but includes wire and rods. 

3 Partial year. 

N.a.—Not available. 


Source: General HWeadquarters Supreme Commander for the Allied 
Powers, Tungsten and Molybdenum Metallurgy of Japan: Nat. Res. 
Sec., Rept. 61, 1946, and Japanese Ministry of International Trade and 
Industry, Mines Bureau. 


MEXICO 


A few tons of molybdenum concentrate was 
produced from small mining operations during 
World War I; but production was very small 
until 1933, when recovery of molybdenite con- 
centrate as a byproduct of copper operations 
of Greene Cananea Copper Co., Cananea, So- 
nora, was inaugurated. For the next several 
years Mexico was the world’s second largest 
producer of molybdenum, reaching maximum 
production In 1943, when concentrate contain- 
ing over 2.5 million pounds of molybdenum was 
produced. However, in 1947 the Greene Ca- 
nanea Copper Co. discontinued mining the 
deeper ores in which molybdenum is a constitu- 
ent, and no further production was reported 
from Mexico until the Cia. Minera Bemnewilco, 
in the municipality of Nacozari Garcia, Son- 
ora, began producing molybdenite concentrate 
in January 1954. 
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There are a score or more of known molybde- 
num deposits scattered through the States of 
Baj California, Chihuahua, Coahuila, San 
Luis Potosi, Sinaloa, and Sonora that are not 
being worked, but little or no information is 
available on the size of deposits. 

In recent years Mexico has imported small 
amounts of molybdenite concentrate from the 
United States. 

NORWAY 


The first known production of molybdenum 
was in Norway. The mineral molybdenite is 
reported to have been produced from the Kna- 
ben mine in the Knaben-Flekkefjord district, 
southern Norway, at the end of the 18th or the 
beginning of the 19th century. In 1880 work 
was resumed in the Knaben mine, and in the 
same year the Tjaerdolskampen deposit in Salt- 
dalen, northern Norway, was discovered. Work 
at the latter was abandoned after a few years. 
Production was irregular and small for many 
years. 

The first flotation plant in Norway was re- 

rted to have been installed at the Kvina mine 
in the Knaben-Flekkefjord district in 1913 
(9). The Knaben mine was reopened the fol- 
lowing year, and at the outbreak of World War 
I the two mines were producing molybdenite 
concentrate. During World War I and in later 
years several small molybdenite mines were 
worked in the Knaben area, at Oterstrand and 
Laksaadal in northern Norway, and at Sorum- 
saasen in the Drammen area near Oslo; but 
production was small, and working of the mines 
was discontinued. 

Most of the molybdenite concentrate pro- 
duced in Norway has been from the Knaben 
mine, which is controlled by Swedish interests. 
The ore is reported to be low grade, with only 
0.15 to 0.20 percent MoS. 

The Kvina mine, owned by the Derby Co. of 
London, was reopened in 1952 after having been 
closed for a long period. Production was small, 
and the mine was again closed in the summer 
of 1955. 

YUGOSLAVIA 


Molybdenum production in Yugoslavia has 
been small. Before World War II the only 
source of molybdenum was wulfenite recov- 
ered as a byproduct of lead-zinc mining at 
the Mezica mine. However, in 1943 Germany 
developed the Mackatica mine and erected a 
power station and flotation plant with a daily 
capacity of 500 metric tons. Although the ore 
was of such low grade that molybdenum con- 
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centrate produced was very costly, the mine and 
mill were operated until 1947 and produced 
about 500 metric tons of concentrate. 

Molybdenum ores have also been found in 
Tande and Kopavnik in Serbia, but no informa- 
tion is available regarding production from 
these sources. 

In 1948 Yugoslavia built a plant for manu- 
facturing calcium molybdate, and no exports 
of molybdenum concentrate have been reported 
since. 

Yugoslavia imported minor quantities of 
molybdenum concentrate in 1948, 1949, and 
1952, all from Switzerland, Sweden, and the 
United Kingdom. 


OTHER 
Austria, China, Finland, France, French 
Morocco, Hong Kong, Indochina, Italy, Korea, 


Peru, Rumania, Spain, Sweden, and U.S. S. R. 
are among other countries known to have pro- 
duced molybdenum, but, for the most part, pro- 
duction has been small and relative y unim- 
portant. Little information is available re- 
garding molybdenum production in the 

.8.S.R. Shimkin (67) concludes that Soviet 
production has been small, but it is believed 
by other sources that important quantities of 
molybdenum are probably produced from the 
deposit east of Kounrad near Lake Balkhash. 

Some mines in several countries from which 
molybdenum is known to have been produced 
are as follows: 


Austria Korea 
1. Bleinberg-Kreuth 11. Choswil 
2. Dirstentritt 
3. Scheinitzen Morocco 

Bolivia 12. Azegour mine 
4. Tampu Mountain Manchuria 

Burma 18. Yangchia-Changtze 
5. Burma Peru 

El Salvador 14. Peru Molibdeno 
6. San Salvador 
Rumania 


French Cameroon 
7. N’Kongsamba mine 


15. Margarets mine 


Sweden 
pian 16. Udd mine 
8. Matasvarra (Orebrolan) 
17%. Algruen mine 
Greece ( Vasteras) 
9. Axiapolis mine 
a Sa U. 8. 8.R. 
Italy 18. Korabski mines 
10. Miess mine 19. Tryny-Auz 
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Figure 15.—Principal Commercial Forms and Uses of Molybdenum. 
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FORMS, PROPERTIES, AND USES 


COMMERCIAL FORMS AND USES 


Figure 15 shows the principal commercial 
forms and uses of molybdenum from ore to end 
products. The iron and steel industry has 
been by far the most predominant user of 
molybdenum since about the beginning of the 
20th century. It is estimated that, of all 
molybdenum consumed in 1955, the iron and 
steel industry used 85 to 90 percent, nonfer- 
rous alloys 4 to 6 percent, metal 3 to 4 percent, 
and nonmetallurgical 3 to 5 percent. Con- 
sumption of molybdenum as metal, in nonfer- 
rous alloys, and in nonmetallurgical applica- 
tions is increasing, but owing to its steady 
growth as an alloying element in iron and 
steel the ratios of consumption may not be 
subject to radical change. 

Molybdenum is used in many forms. Some 
of the more important commercial forms 
follow: 


CONCENTRATE 


All molybdenum minerals require concentra- 
tion. Molybdenite (MoS,) is the chief com- 
mercial molybdenum mineral. It is concen- 
trated to about 54- to 95-percent molybdenum 
disulfide content before conversion to other 
products, but 90 percent is considered a stand- 
ard grade for price quotations. United States 
Government purchase specifications for molyb- 
denum concentrate are: 

Percent by weight 


Molybdenum disulfide (MoS2)..-.- 80.00 minimum. 


Copper (Cu) 22.5245 be 1.00 maximum. 
Lend (Pb) res Sie Braeden oases Slane .30 maximum, 
Ter aescce na Mee 
Arsenic (As)...----.----.-----_- combined. 


A purified molybdenite concentrate is also 
produced that contains over 99.9 percent MoS,, 
for use in manufacturing molybdenum disulfide 
lubricants. 


MOLYBDIC OXIDE 


Molybdic oxide (MoQ;) is produced in sev- 
eral grades. The technical grade (roasted con- 
centrate) is a raw material for producing all 
types of molybdenum salts and compounds and 
is also added to iron and steel, either with the 
charge or to the molten bath. This product 
contains most of the residual gangue material 
present in the mine concentrate. United States 
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Government purchase specifications for tech- 
nical-grade molybdic oxide are: 


Percent by weight 
Molybdenum (Mo). -__-_----.---- 55.00 minimum. 
Copper (Cu) .------------------ 1.00 maximum. 
Phosphorus (P)...--------- Eee eee .05 maximum. 
Sulfur) use re ee Pelee .25 maximum. 


PURIFIED 


Purified molybdic oxide is employed as a raw 
material for producing molybdenum, chemi- 
cally pure molybdenum salts and compounds, 
and master alloys used in manufacturing high-, 
temperature alloys. Its molybdic oxide con- 
tent generally exceeds 99.5 percent. 


BRIQUETS 


Molybdic oxide briquets are a mixture of 
technical grade molybdic oxide and carbon that: 
is added in the form of pitch. The product is 
used in the manufacture of iron and steel. Each; 
briquet, containing exactly 2.5 pounds of 
molybdenum, has the following typical com- 
position : 


Percent by weight 
Molybdenum (Mo)-_------------ 51. 6 
Carbon. (©). 0 ccc csc lee ce uote 12. 0 (approximate) 
Copper (Cu)_------------------ . 50 
Sulfur (5) sc ei et oh Sede . 25 
Phosphorus (P).._-----_-.-_-- --- . 05 
Bslaneesc 2 soto Sala owe ae Mainly SiOs 


METAL 


Molybdenum powder of about 99-percent 

urity is produced by reducing purified mo- 
iyhdic oxide. The powder can be processed 
further by either of two methods, sintering or 
arc melting. 

Technical thermite molybdenum is produced 
by Climax Molybdenum Co. in much the same 
way as it produces ferromolybdenum. It is 
used almost exclusively for addition to non- 
ferrous alloys. Its typical composition is as 


follows: 

Percent by weight 
Molybdenum (Mo).------------- 95.0 minimum. 
Carbon (©) a .240secseote eke 05 maximum 
Sulphar.(S)2.eee2esee eee 10 maximum 


Phosphorus (P).2.s..+-.2-.4.5-2< 
Copper (Cu) .2.2244on022554ee ees 
Silicom (Secor sosct eres sewed 
Tron( Pe) ise at io eee ee 2.50 maximum. 
Balance... 2 oeece seve seetescese< Principally slag. 


FERROMOLYBDENUM 


Ferromolybdenum produced from technical- 
grade molybdic oxide by the thermite process 
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and by the electric furnace is added to iron and 
steel, either with the charge or to the molten 
bath. United States Government purchase 
specifications are: 

Percent by weight 


Grade A Grade B 
Molybdenum (Mo)... 55.00 minimum 55. 00 
Carbon (C)__-..------- 2.50 maximum 25 
Copper (Cu)__-------- 1.00 maximum 1. 00 
Phosphorus (P).--.---- .10 maximum . 10 
Silicon (Si)____.------ 1.50 maximum 1. 50 
Sulfur (S)--..-....---- .25 Maximum 220 

OTHER 


Ammonium molybdate, calcium molybdate, 
molybdenum silicide, and sodium molybdate 
are other commercial molybdenum products. 

The uses of molybdenum as a metal, as an 
alloying element in iron, steel, and special and 
nonferrous alloys and in nonmetallurgical ap- 
plications are described individually in this 
section. 


MOLYBDENUM 


Molybdenum, with atomic number 42, is a 
member of group V of the periodic table. It 
does not occur free in nature. The pure metal 
is silvery white and softer than steel. It melts 
at 2,622+40° C., compared with about 1,375° 
C. for steel. Only four other elements (car- 
bon, rhenium, tungsten, and tantalum) have 
higher melting points. Chemically it exhibits 
valences in stable compounds of 2, 3, 4, 5, and 
6. Its oxides and salts combine with organic 
hydroxyl and carbonyl compounds. Molyb- 
denum has good thermal conductivity—about 
half that of copper. Its coefficient of thermal 
expansion is among the lowest of pure metals. 
The physical properties of molybdenum are 
listed in table 8. 

In recent years considerable research has 
been devoted to molybdenum in an effort to 
produce a higher purity metal, to overcome its 
inability to withstand oxidation in air at high 
temperatures, and to improve fabrication. The 
production of high-purity molybdenum by elec- 
trodeposition has revealed many conflicting re- 
sults by different investigators; but, with the 
exception of the work reported by Brenner and 
Senderoff (74), it is doubtful that satisfactory 
deposits have been obtained. 

Several methods of protecting molybdenum 
from rapid oxidation in air at high tempera- 
tures have been investigated. Ceramic coat- 
ings, cladding, electroplating, metal-dip coat- 
ings, metal-spray coatings, and vnpor-phase 
depositions are among the methods of surface 
protection that have been investigated in recent 
years; however, all have certain shortcomings 
and are not being used commercially. 
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TaB.e 8.—Physical properties of molybdenum? 


Atomic number______- 42. 
Atomic weight___._._. 95.95 
Crystal structure___.- Body-centered cubic. 


Valence__________--- 2, 3, 4, 5, 6 
Melting point......-.- 2,622° + 40° C 
Boiling point.....-.-- 4,804° C. 
Vapor pressure - ------ Atmosphere Temperature,° C. 
0. 0001 ial 
. 001 3, 057 
.O1 3, 477 
.1 4, 027 
. 25 4, 307 
. 5 4, 537 
1.0 4, 804 
Specific heat....-...- 0.058 cal. per gm. per ° C. at 
25° C. 
Thermal conductivity - SZ Temperature,° C. 
0. 346 17 
. 259 927 
. 159 1, 627 
Electrical resistivity... M Ps Temperature,°C. 
5. 0 
5. 78 27 
23. 9 727 
29. 2 927 
35. 2 1, 127 
41.2 1, 327 
47.2 1, 527 
53. 5 1, 727 
59. 5 1, 927 
66. 0 2, 127 
69. 2 2, 227 
71.8 2, 327 
78. 2 2, 527 
81. 4 2, 622 
Coefficient of linear ex- 5.35X10-* per °C.—0° to 
pansion. 20° C. 
5.7X10-* per °C.—O° to 
500° C. 


Density calculated ?__. 10. 23 gm. per ce. 
Powder____.----- 10. 28 
Cast 2-in. section _ 10. 2 
Sintered 1l-in. sec- 
tion__-.---_--- 9. 6 


10. 2 
Avogadro number. 6. 0228 X 1078 


Young’s modulus of 47.7X108 p.s.i. 
elasticity. 49. 4X 10° p. 8. i. 

Lowest temperature of 870°+25° C. 
recrystallization. 


1 Archer, R. 8., Briggs, J. Z., and Loeb, Jr., C. M., Molybdenum— 
Steels, Iron, Alloys: Climax Molybdenum Co., 1948, pp. 362-363. 
2 Using kx=3.1399. 


PRODUCTION AND USES 


Molybdenum, produced by both powder 
metallurgy and by arc melting, can be swaged, 
forged, rolled, drawn, and formed. Accord- 
ing to Parke (56), metal produced by powder 
metallurgy has a very fine and equiaxed grain 
structure that can be readily worked, while 
arc-melted molybdenum has a coarse, colum- 
nar grain structure that requires an initial, 
high-temperature, hot forging or rolling oper- 
ation to break down the grain structure before 
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working by the same methods employed for 
the powder-metallurgy product. According to 
Climax Molybdenum do. (72), the following 
five general characteristics of metallic arc- 
cast molybdenum and its alloys should be kept 
in mind in all working operations: 


1. The mechanical properties of unalloyed molyb- 
denum and the four alloys commercial today depend 
to a large degree on the amount of working done 
below the recrystallization temperature (so-called 
warm working). For optimum ductility, parts 
should be given at least a 50-percent reduction in 
area by warm working. 

2. Full reerystallization gives lower strengths than 
do other prior treatments, so fully recrystallized 
molybdenum flows more easily in working. It does, 
however, have very poor bending properties although 
the tensile elongation is higher than in other condi- 
tions. Therefore, fully recrystallized molybdenum is 
used for the fabrication of parts only if no bending 
or deep drawing is to be done; or if mechanical prop- 
erties after working are not important; or if subse- 
quent processing will involve sufficient warm work 
to produce the necessary properties. 

3. Relative to its high melting and recrystallization 
temperatures, molybdenum is much “colder” at room 
temperature than steel. The toughness and ductility 
of molybdenum are consequently not very high at 
room temperature although they increase markedly 
at temperatures somewhat above room temperature 
(for example 400° F.). Therefore, except for fine 
wire and sheet, at least a moderate amount of heating 
is recommended for all working operations. 

4. Because of its high thermal conductivity and 
low specific heat, molybdenum heats and cools much 
more rapidly than steel. 

5. Molybdenum and its alloys have unusually high 
strength at elevated temperatures. Therefore, for 
a given amount of work, more powerful presses and 
hammers are needed than for any of the other com- 
mon metals. 


The welding and brazing of molybdenum 
resent problems that are not easily overcome, 
use air and other sources of oxygen must 
be excluded from the weld. The high melting 
point and thermal conductivity of molybdenum 
must also be considered. Thermal conductivity 
of molybdenum causes problems somewhat simi- 
lar to those encountered when copper and 
aluminum are welded. The weld bead: and ad- 
jacent heat-affected parent metal have proper- 
ties typical of recrystallized metal that makes it 
brittle and unsuitable for some applications. 
For these reasons, welding of complicated sheet- 
metal structures presents fabrication problems. 
Riveting and lock seams are by far the simplest 
and most flexible methods of joining molybde- 
num, but gastight joints cannot be made by 
these methods. 
Although encouraging results have been ob- 
tained in overcoming oxidation in air at tem- 
ratures above 1,000° F. and in solving prob- 
ems of welding the pure metal, its uses are still 
rather limited, being confined mostly to lead 
wires for incandescent lamps, heating elements 
in electric furnaces, grid wires and high-tem- 
perature parts in electronic tubes, electrodes for 
melting glass, furnace boats, radiation shields, 
heavy-duty contact breakers, and seamless tub- 
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ing for the chemical industry. The behavior 
of molybdenum with various reagents is given 
in table 9. 


MOLYBDENUM IN STEEL 
HISTORY 


Molybdenum as an alloying element was 
doubtless first used in steel. Itissaid (75) that 
a German steel expert analyzed part of a sword 
blade made by the famous Japanese artist 
Masamune (1330) and found that it contained 
molybdenum. Probably the earliest intentional 
use of molybdenum in steel was in 1894, when 
Schnieder & Co. produced armorplate contain- 
ing molybdenum at its Creusot works in France. 
However, the use of molybdenum in steel re- 
mained experimental until about 1898, when the 
Sanderson Steel Co. marketed a self-hardening, 
molybdenum tool steel. In the following years 
molybdenum, as an alloying element in tool 
steels, attracted widespread interest, but metal]- 
lurgists found that, upon heat treating, molyb- 
denum high-speed steels were susceptible to 
surface decarburization, and tools made from 
the steels gave erratic performance, owing 
largely to lack of knowledge of the critical 
heat-treating range and adequate heat-treating 
equipment. The proper heat-treating range 
and protection against decarburization were 
developed and demonstrated at Watertown 
Arsenal in 1930. 

Karly experimentation with molybdenum tool 
steels determined that the effect of molybdenum 
was in the same direction but of greater magni- 
tude than that of tungsten; but, probably be- 
cause of limited supply and lack of economic 
advantage, little further interest was shown 
in molybdenum as an alloying element until 
World War I (1914-18), when the European 
Governments found it necessary to substitute 
molybdenum in part for tungsten in high-speed 
steels. During that war period molybdenum 
was also used to some extent as an alloying ele- 
ment in manufacturing relatively low alloy 
steels that were used in certain military equip- 
ment. However, after the close of World War I 
the demand for molybdenum as an alloying ele- 
ment in steel decreased. This, plus large stocks 
at mines and industrial plants, was largely re- 
sponsible for the collapse of the molybdenum- 
mining industry. 

Probably the first peacetime application of 
molybdenum-bearing, low-alloy steels was in 
the summer of 1920, when it is said that molyb- 
denum steels were used in Studebaker auto- 
mobiles (33). By 1925 the automotive industry 
was aware of the value of molybdenum as an 
alloying element in low-alloy steels, and the 
Society of Automotive Engineers adopted the 
4100 (chromium-molybdenum) series steels. 
This not only marked the beginning of a new 
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TaBLe 9.—Behavior of metallie molybdenum with various reagents? 


Reagent Temperature, °C. | Concen- 
tration 
Watlefs2os3 Jets at ees oe ROOM sees sa oc lee See ees 
Owe peee ca bee edad 
Red N@Gt.222 20860 e gece oe 
Air or oxygen_-.---------- ) Reeape eR ape een mL ater eee ere 
Above 500°___-_--|.---.----- 
Hy drogen o4234028 See eo oe tee Hee etek 
Nitrogen__...-.---------- Upto 1 5008 soles cues 
Ammonia (anhyd.)._.----- B90 secs as ee oss ec a hee 
Ammonia solution_____---- ROOM 224 2.52 5445.5 gees ete 
Hydrogen sulfide.______--- 2008 ee eS ete ee 
meee dioxide or monox- | Above 1,200°_____|--------- 
ide. 
Oxides of nitrogen_-.--.--- Red heat._..-----|.-------- 
Sulfur dioxide_.._....-----|_---- AO. ssh. 5. cote oe Nos eke ed 
Aqua regia.__.----------- Wats osetia eee 
Hydrochloric acid. --.----- Hotseto25 225s Dike 23s 
Coldest nee S24 Coned _ - 
Hydrofluoric acid_-.-.---- Cold or warm_._-_-| Soln_-._- 
B+ WN Opec oe eet Seek oe ee eee 
Sulfuric acid__....-.------ Room_._-..------- Coned _ - 
200-250. ._______-_|_-- do___- 
To T1022 egos ce Dileoses 
Nitri¢ acids .22. seco. es Room.__..-------- Coned - - 
pees dO sos eouel Dileszan 
Potassium hydroxide. - - - -- ae do.---------- ee oak 
Sodium hydroxide._-_-_--.-..- i a eee Pccd. 2. 
Oxidizing salts (KNOz,, |----- C0282 eu esha do___.- 
NOs, Na,Qz, KCIOQ;). 
AICl;—NaCl__________---- 150237 Oo e322252.4\e42 do___- 
Carbon and hydrocarbons.-| High temps_._----|--------- 
Mercurycecccccesu oe tee ee Steet te eet ee 
Phosphorus.26 socecu cee ee ee eee eee 
Silene ese noses one SOO sete it ae arate 
BUNUPi cote Meee k ee Above 440____._.-|--------- 
Fluorine______._-.__----- ROOM ..222oeececls esc Sees 
Chlorine_-.._..----------]----- OG.e Je Sen dle 
Bromine_.....----------- Bright red___-.---|--------- 
Todine____.._.--_-.------ TO DOO be este Sass ee eee an Sala le 
BOfONsesasctene sauces os Electric furnace___|_...----- 
beaded nitrates 2. cc oe eo eee Solns_ -- 
Bismuth and cadmium |_._--_-------_----]--- (sere 
salts. 
Couper SaliS44..2/sa bee Goins eee ences i..-do 
Ferrie chloride..<. 4 sosees|e ec etec cece ect els do___- 


Lead dioxide 


Form of Mo Action of Mo 


_| Powder____-.---- Oxidized. 

.| Solid...........-.| Surface oxidation. 

_| Wither, . 2.22 2 __- Mo+2H;0=— MoO,+ 2Hs. 

el SOLD tee ce a ee Bo Surface oxidation. 

ga Ene ote do.......--.-.| Rapid oxidation. 

a Rene OE et CAP ND ete aE No action. 

ea x ete 5 eA oes Slight absorption. 

.| Powder__..-.---- Action forms brown powder. 

oN GOS pets oe eects at Blackens, dissolves. 

.| Powder. ......-..| Reacts to form sulfide. 

sll ae hate do....-.--..-| Oxidized. 

ey eae ¢ ce eae Do. 

Beane 6 fc a es Do. 

wo Metal. cun2oSe<se0 Papi reaction, slow in the 
cold. 

Eee mene do_...-----.-.}| Rapid reaction. 

Fe NE ¢ | ¢ ree er or Resists action. 

a eerie QOs2ueees ees Do. 

a ae do__......-.-.| Dissolves. 

Alien SOO ih ee Slow action. 

ct Woaeaee do___.-----..| Rapid reaction. 

i (Save do._..---.---.| Resists action. 

Ne chil Olea te cn Slowly forms protective layer 
of MoQs3. 

a Secbbien do.__......---| Rapid solution 

sleac cu do__._..-----| No reaction reported. 

i. eerie do_._....----| Weak reaction. 

es Pease do...--.-.--.-| Solution with evolution of Hs, 
forms molybdate. 

i pacar do.....-.--.-] Violent reaction. 

eal eel te! do_._..------| No action. 

_| Metal or powder -.| Forms carbides. 

ea ener do_..-.------| No perceptible action (Hg dis- 
solves only 2 X 10® percent 
Mo). 

Seo do_....-.---.| No reaction reported. 

pol ied oes do_._.....--..| Forms silicides. 

Bz des BA do_..----.----]| Forms sulfides. 

a do__..._.-----]| Forms fluorides. 

A eed ees do_.....-----| Forms chlorides. 

Eee do____.-.----| Forms bromides. 

i Pe ae do__.__....--.| No reaction reported. 

eat 5 a do__......---| Forms borides. 

eee do_._.......-.-| No reaction reported. 

a eee dG sx fateseied Do. 

.| Metalsonss2cc.. ss Cu precipitated. 

E eeeene do__.-.------| Reacts. 

_| Powder__..------ Forms lead molybdate. 


| Killeffer, D. H., and Linz, Arthur, Molybdenum Compounds—Their Chemistry and Technology: Interscience Publishers, 1952, pp. 18-19. 


and perhaps a greater molybdenum industry 
than had been imagined, but wide use of molyb- 
denum-bearing low-alloy steels by the auto- 
motive and other industries made it necessary 
for the molybdenum producers to increase pro- 
duction severalfold before World War II. 
Although molybdenum high-speed steels were 
first accepted for peacetime use in 1931, they 
were only used to a limited extent before World 
War II. The shortage of tungsten created by 
developments of the war made it necessary to 
substitute molybdenum in part for tungsten in 
high-speed and some other alloy tool steels. 
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Because of an ample supply of molybdenum, 
suitable heat-treatment practices, and a favor- 
able price structure molybdenum tool steels are 
now widely accepted for peacetime uses. 

As a result of the enormous increase in pro- 
duction of alloy steels and a shortage of alloy- 
ing elements during World War II, the War 
Production Board organized a committee to de- 
vise some new steels that would make the most 
effective use of the available alloying elements. 
The committee proposed the so-called National 
Emergency steels (nickel, chromium, and, 
molybdenum), which greatly increased the use 
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of molybdenum. Several series of the National 
Emergency steels were later adopted by the 
American Iron and Steel Institute and are now 
standard. 

The range in composition of molybdenum 
steels can roughly be divided into high-molyb- 
denum steels that contain over 0.5 percent of 
molybdenum and low-molybdenum steels that 
contain 0.10 to 0.5 percent of molybdenum. 

Table 10 gives the molybdenum consumed in 
the manufacture of alloy steel in the United 
States for 1946-55. 


Taste 10.—Molybdenum consumed in manufac- 
turing alloy steel in the United States, 1946- 
56? 


{American Iron and Steel Institute] 


Molybdenum, 
in thousand 
Year: pounds 

NAG ine Sepa a i ee ete 5 oe et! 10, 767 
NAG oo Sods yee ea eh 8 ke Spat oe 13, 447 
DE st apc aes Seta Bie teat eanle tid ta il 16, 349 
BOA os ad pata Seale eins Ey lereak a 11, 244 
TO00S 2 tie nce Scie it 8 os i ey cl 17, 243 
D0 Tr ok hee ete el oe Bo eh deo Pins est 18, 562 
MD Ooi ois get esas Sh ieee eit 16, 233 
D8 kite ep eit an erealn etal ets eed 18, 696 
| 2. SA a ea Pg 14, 179 
1 Ih 15 9s en ne ey ere tS eS 21, 318 


1 Does not include molybdenum contained in scrap. 


FORMS ADDED TO STEEL 


In steelmaking, molybdenum is used in the 
form of molybdic oxide, ferromolybdenum, cal- 
cium molybdate, and, to a limited extent, molyb- 
denum disulfide. 

The form of molybdenum used in alloying 
cast and wrought steels depends largely on the 
steelmaking process, economics, and the type 
of steel being produced. Ferromolybdenum is 
adaptable to any of the processes, but the rela- 
tively lower cost per unit of molybdenum is 
responsible for use of the other forms. 

For many years in the United States calcium 
molybdate and ferromolybdenum were used 
more widely than molybdic oxide, but recently 
the tendency has been to use more molybdic 
oxide than either calcium molybdate or fer- 
romolybdenum. Some European countries still 
use ec vauaes rect more extensively than 
the oxide. relatively small quantity of 
molybdenite (MoS,) is used by some steel pro- 
ducers as an addition to molten steel in the 
ladle when the addition of both sulfur and 
molybdenum is desired. 

In general, when an entire open-hearth or 
electric furnace heat is to be alloyed to a degree 
not exceeding 1.0 percent of molybdenum, the 
addition is in the form of molybdic oxide or 
calcium molybdate; but, when higher percent- 
ages of molybdenum are desired, ferromolyb- 
denum is used for that part of the addition ex- 
ceeding about 1.0 percent. 

414189° 575 
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ALLOYING EFFECT 


The alloying effects of molybdenum in steel 
are derived both from its effect in solid solution 
in ferrite and from its effect in the carbide 
phase. Molybdenum in solid solution in ferrite 
contributes to increased strength of steel, and 
many molybdenum-bearing steels are used in 
the as-rolled condition because of this factor. 
The creep resistance and strength of both low- 
and high-alloy steels at elevated temperatures 
are increased by the solid solution of molyb- 
denum in ferrite. The major contributions of 
molybdenum to steel are derived from its effect 
on microstructure during heat treating. 


HARDENABILITY 


Although the carbon content of a steel de- 
termines the maximum hardness that can be 
imparted by quenching from above its critical 
temperature range, molybdenum dissolved in 
austenite retards the rate of transformation to 
pearlite and ferrite, thereby reducing the crit- 
ical cooling rate of the steel. This reduced 
critical cooling rate allows use of slower cooling 
mediums, which causes the steel to harden more 
evenly from surface to center. However, since 
molybdenum is predominantly present in the 
carbide phase of annealed steel and dissolves 
more slowly and at higher temperatures than 
iron carbide, the heating must be such as to as- 
sure solution in austenite before quenching. 
This uniform hardening (sometimes called 
depth hardening) is of particular benefit in 
heat-treating heavy sections of steel, because 
internal stress that may lead to cracking or dis- 
tortion is greatly reduced. Many construction 
alloy steels used in the hardened or hardened 
and tempered condition contain about 0.10 to 
0.50 percent molybdenum for its contribution 
to hardenability. JFarger amounts of molyb- 
denum promote secondary hardening and are 
used in some steels where this effect 1s desired. 
High-speed tool steels contain up to about 9 
percent molybdenum, for its effect on hardness 
and strength at the high temperatures de- 
veloped during cutting operations. Although 
the critical temperature range of these steels is 
considerably higher than for the lower alloy 
steels, the function of molybdenum is generally 
the same, except for precipitation of larger 
amounts of molybdenum-bearing carbides dur- 
ing cooling, which imparts greater hardness 
(red hardness) to the steels. 


PROPERTIES AT ELEVATED TEMPERATURES 


Molybdenum is one of the most effective al- 
loying elements for increasing the strength and 
creep resistance of both low- and high-alloy 
steels at elevated temperatures. The exact 
function of molybdenum in imparting these 
properties to steel is not fully known, although 
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research has determined that high-purity iron- 
molybdenum alloys show a marked increase in 
the creep strength of ferrite and the lowest 
temperature of recrystallization after strain 
hardening. Molybdenum in quantities up to 
about 0.5 percent is used extensively to combat 
embrittlement in certain steels that are either 
tempered in the temperature range from about 
850° to 1,100° F. or subjected to stresses and 
strains during service at these elevated temper- 
atures. Although little is known of the cause 
of steels becoming brittle in this temperature 
range or of the effect of molybdenum in retard- 
ing the condition, it has been determined that 
steels of higher hardenability are generally 
more susceptible. For that reason, molybde- 
num is extensively used in highly hardened 
steels, such as armorplate, for its effect on (tem- 
per) brittleness, as well as on hardenability. 


RESISTANCE TO CORROSION 


Molybdenum materially aids certain grades 
of stainless steel in resistance to surface corro- 
sion and probably intergranular corrosion. 
About 2 to 3 percent of molybdenum in chrom- 
jum-nickel (18 percent chromium, 8 percent 
nickel) stainless steels helps to prevent corro- 
sion caused by corrosive deposits settling on the 
steel, and it is reported (47) that, when the 
microstructure of austenite chromium-nickef 
steels is such that some delta ferrite is present, 
it retards intergranular corrosion. 


OTHER PROPERTIES 


Even though molybdenum is a strong car- 
bide-forming element, it does not cause exces- 
sive concentration of carbon on the surface of 
carburizing steels during carburization and is 
widely used in those steels for its effect in 
improving such properties as strength and im- 
pact resistance. 


MOLYBDENUM-——-A MATERIALS SURVEY 


The tendency of molybdenum to promote free 
scaling of steels heated in an oxidizing atmos- 
phere is beneficial in forging, and in die steels 
where a tightly adhered scale would lead to 
surface defects in the forging or excessive wear 
of the dies, 


HIGH-STRENGTH ENGINEERING AND STRUC- 
TURAL ALLOY STEELS 


The groups of alloy steels often referred to 
as high-strength engineering and structural 
steels are largely used in the hardened or hard- 
ened and tempered condition for the improved 
mechanical properties imparted by heat treat- 
ing. These steels generally contain a combi- 
nation of alloying elements, because smaller 
quantities of the elements in combination give 
mechanical properties equal or superior to those 
when a larger quantity of a single alloying 
element is used. The desired improved me- 
chanical properties include: Greater tensile 
strength, resistance to wear, strength at ele- 
vated temperatures, resistance to impact, and 
resistance to fatigue. Although all of these 
steels do not contain molybdenum, it is added 
to a larger proportion of them in quantities 
ranging from as little as 0.08 percent in some 
of the fower alloy steels to about 1.0 percent in 
some special-purpose high-alloy steels. The 
chemical and physical specifications of these 
steels are voluminous, and therefore only the 
chemical specifications of the Pe Si containing 
molybdenums that have been adopted by the 
American Iron and Steel Institute are given in 
table 11. Those steels fall into the following 
general groups: Carbon-molybdenum, nickel- 
molybdenum, nickel-chromium-molybdenum, 
chromium-molybdenum, and  manganese- 
molybdenum. The United States production 
of these steels, by group classifications, is 


Tass 11.—O pen-hearth and electric-furnace molybdenum-bearing alloy steels 
[American Iron and Steel Institute] 


Chemical composition ranges and limits, percent 


AISI No. 
Manga- Phos- Sulfur, Molyb- 
Carbon nese phorus, maximum Silicon Nickel |Chromium}; denum 
maximum 

A023 seeds Sese 0. 20-0. 25 |0. 70-0. 90 0. 040 |0. 040 0:20-0:35 |2pececcue less h secu 0. 20-0. 30 
4024_.-..--..--- .20- .25 | . 70—- . 90 . 040 | . 035-0. 050 20> 00° leoeueeme ce eo et es sees 20—- . 30 
A027 2 eet ue .25- .30 | . 70—- . 90 040 | . 040 20> ¢ So" ebb eesss sl Sosa tee ke 20— . 30 
4028__---.------ . 25- .30 | . 70— . 90 040 | .035- .050 | . 20- .35 |----------|---------- 20- . 30 
AQS2Z 2222526 ote . 30- . 35 | . 70— . 90 040 | . 040 p20 nab. Seon ees eee 20- . 30 
AOS fee ee een .35- .40 | . 70- . 90 040 | . 040 p20 600) lata owes es | Sweatt ee 20- . 30 
A042 cee eee .40—- .45 | . 70—- . 90 040 040 EU ee OO ee ee ira tee eke city 20— . 30 
4047.22 ecesese .45- .50 | . 70—- . 90 040 040 20> 80 Po eceseeowelvedeceeasis 20- . 30 
Q090Gs2ccccseeuud . 50—- . 56 | . 75-1. 00 040 040 620-230: |Saeeei west oecedeeaes 20—- . 30 
4068 see cats .60— . 67 | . 75-1. 00 . 040 040 74 aaa. 15 ak Oe ae eee Reem ee, eee one 20— . 30 
4068....-------- .63- . 70 | . 75-1. 00 .040 | .040 20H cb 0 ll oeee ee ee) Jane eees 20- . 30 
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TaBue 11.—O pen-hearth and electric-furnacemolybdenum-bearing alloy steels—Continued 


Sulfur, 
maximum 


{American Iron and Steel Institute] 


Silicon 


Chemical composition ranges and limits, percent 


Nickel 


o7 


Molyb- 
Chromium| denum 


AISI No. 
Manga- 
Carbon nese 

Q11$ ccs: 0. 18-0 23 (0. 70-0. 90 
4130____-____-__ . 28—- .33 | . 40 . 60 
4135......--.--- . 33— . 38 | . 70— . 90 
4137_._._.______- . 35— .40 | . 70- . 90 
4140__.-._-.__-- . 38- . 43 | . 75-1. 00 
4142. oc oe .40—- . 45 | . 75-1. 00 
r | ee ea ne eee .43~- . 48 | . 75-1. 00 
CU 7 Geen cee . 45—- .50 | . 75-1. 00 
4160282 Bocuse . 48 .53 | . 75-1. 00 
4320_........---- ~17- .22 | . 45— . 65 
4337__...-..- -- . 35— . 40 | . 60— . 80 
E43387___.-.-.--- . 35 .40 | . 65— . 85 
4840........__-- 88- .43 | . 60— . 80 
BE4340____._...._| .38- . 43 | .65— . 85 
4608......___--- . O6—- .11 | . 25—- . 45 
461§_____._.-__- .13- .18 | . 45—- . 65 
4617_.......-..-- .15- .20 | . 45- . 65 
4620._...____..-_ .17- .22 | . 45— . 65 
X4620___..----- 18- .23 | .50- . 70 
4621_..__.-.-.-- . 18- . 23 | . 70—- . 90 
Be taisiee nS ete 38— .43 | . 60- . 80 
4720 oe eee. 17-0. 22 | .50— . 70 
ASD. occ c hc 10- .15 | . 40 . 60 
4815 oe ee eed 13— .18 | . 40— . 60 
4817__.____.___- . 15— .20 | . 40— . 60 
4820__.__-.__--- 18 .23 | .50—- .70 
8615_....-__---- .13— .18 | . 70 . 90 
8617____..____-- . 15- .20 | . 70- . 90 
8620_.__.._.__-_- . 18 .23 | . 70- . 90 
8622__._._.___-- . 20—- . 25 | . 70—- . 90 
8625____.._.___-- . 23— . 28 | . 70—- . 90 
8627__._.-_----- . 25- .30 | . 70— . 90 
8630___..____--- 28- .33 | .70— .90 
8635.__.._____-- .33- . 38 | . 75-1. 00 
R687 232 eset . 35- . 40 75-1. 00 
$640____.._____- 38— . 43 75-1. 00 
8641___________- . 38 . 43 75-1. 00 
8642_.__....___-- .40—- . 45 | . 75-1. 00 
8645____________ . 43-— . 48 75-1. 00 
8650_.__.-_.---- . 48- . 53 75-1. 00 
8653_.._.__.----- . 50— . 56 75—1. 00 
86552225452. . 50— . 60 75-1. 00 
8660_....-_----- 55—- . 65 75-1. 00 
8715_.________-- .13— . 18 70— .90 
BIT oe he .15— .20 | . 70—- . 90 
$1205.03 ee eae .18— .23 | . 70 . 90 
9 £61 a . 33- . 38 75-1. 00 
$7406 ce es ee . 38 . 43 75-1. 00 
6742 2h oe ie eee .40— . 45 75-1. 00 
$760. sees aoe ese . 48- . 63 75-1. 00 
E9310__...._..._-} .08— .13 | .45— . 65 
E9314._...--__-- .1ll- .17 | .40- .70 
9840.___....._-. .38- .43 | . 70- . 90 
9846_....._.-.-- .43— .48 | . 70- . 90 
9850_.......-_-- 48— .53 | .70— . 90 


0. 20-0. 35 


SNH S S-pSSrees 
i 


80-1. 10 | .15- . 25 
80-1.10 | .15— . 25 
80-1. 10 | .15— . 25 
80-1. 10 | .15- . 25 
80-1. 10 | .15- . 25 
80-1. 10 | .15— . 25 
80-1.10 | .15- . 25 
80-1.10 | .15— . 25 
. 70— . 90 | . 20— . 30 
.70- .90 | . 20- . 30 
. 70— .90 | . 20— . 30 
.70— .90 | . 20- . 30 
ee 15— . 25 
wei tarete 20- . 30 
See teee a 20- . 30 
BS Me ete 20- . 30 
isoewaue 20— . 30 
Loeeee eeu 20- . 30 
epee eee as 20— . 30 
. 35-0. 55 | . 15— . 25 
Sea cimiatmae 20- . 30 
pete ees 20-— . 30 
Lseseeoean 20— . 30 
eheraieeia cess 20- . 30 
.40—- .60 | .15- . 25 
.40— .60 | .15— . 25 
.40— .60 | .15— . 25 
.40— .60 | .15— . 25 
.40— .60 | .15— . 25 
.40— .60 | .15—- . 25 
.40— .70 | .15— . 25 
.40—- .60 | .15— . 25 
.40— .60 | .15— . 25 
.40—- .60 | .15-— . 25 
.40— .60 | .15— . 25 
.40—- .60 | .15— . 25 
.40— .60 | .15— . 25 
.40— .60 | .15— . 25 
.40— .60 | .15— . 25 
.40—- .60 | .15- . 25 
.40—- .60 | .15- . 25 
.40— .60 | .20— . 30 
. 40— .60 | . 20- . 30 
.40— .60 | . 20— . 30 
.40—- .60 | .20— . 30 
.40— .60 | .20— . 30 
.40— .60 | .20—- . 30 
. 40— . 60 | .20- . 30 
1. 00-1. 40 | .08— . 15 
1. 00-1. 40 | . O08 .15 
.70— .90 | .20- . 30 
. 70— . 90 | .20— . 30 
.70- .90 | . 20— . 30 
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given in table 12, and their production com- 
pared with total alloy-steel production is given 
in table 13. Since it is impractical to fully dis- 
cuss these steels in a report of this nature, only 
a brief reference is made to each general class. 


Tasie 12.—United States production of alloy 
steel (other than stainless) containing molyb- 
denum, 1943-86, in short tons 


{American Iron and Steel Institute] 


Year Mo Ni-Mo | Ni-Cr- | Cr-Mo | Mn-Mo 
Mo 
1943 2 cede echoes 1, 133, 17 709, 734 {3, 736, 998 |2, 207, 168 N. a. 
10440 oe ho ak 403, 202 433, 262 (3, 628, 342 1, 117, 780 N.a. 
1045.22. te ee 400, 027 426, 504 (3, 062, 461 343, 147 N. a. 
1946_. 222.222 426, 521 461, 689 680, 804 384, 671 Na. 
1947_..2-0.-- 2-8. 592, 462 .8 878, 353 347, 867 N. a. 
1948.22... elle 653, 823 N.a. j1, 164, 200 489, 931 N. a. 
1949_..0.2- eae 75, 691 309, 971 797, O41 313, 195 204, 6453 
1950. ..22- 22 ee 636, 012 469, 525 |1, 289, 771 544, 280 251, S19 
196) esccccelsicdévcc 436, 787 155, G36 |2, 206, 461 84), 313 204, 563 
1952. ........---2.. 366, 077 159, 177 |1, 704, 570 FI, 191, 840 195, 444 
19538. 502, 239 195, 371 |1, 618, O94 [1, 179, 003 201, 020 
1054. 3. oes See Seese 505, 408 35, 240 865, 355 668, 314 307, 216 
1955222. coeevee cee 709, 263 512, 054 j1, 395, 837 [1, 023, 607 329, 913 


N. 8.—Not available. 


Tas _E 13.—Production of molybdenum-bearing 
alloy steel compared with total production of 
alloy steel (other than stainless) wn the 
United States, 1943-55, in short tons 


{American Iron and Steel Institute) 


Alloy steel Total alloy 

Total alloy | containing | steel (other 
Year steel (other {molybdenum ‘than stainless) 

than (other thun | containing 
stainless) stainless) jmolyhbdenum, 

| percent 

TOSS sed os se det ee eee | 12, 573, 509 7, 787, 079 62 
1944 eet echo eb Haticeccins 10, 050, 013 5, 582, 586 56 
VOAS Sak Soe ae eee Bose 8, 008, 213 4, 232, 220 53 
V94G 2 ee es ae he 5. 432, 656 1, 953, 585 36 
1947s oe cose hates 6, 798, 778 1, 818, 682 27 
IQ4S nc ooo alee ate ded 7, 760, 820 2, 307, 054 30 
1949s occ ei ce tS eceeee ce 5, 342, 271 2, 101, 451 39 
1950 3 cece eS awa lata eee 7, 613, 740 3, 191, 407 42 
TOS )e see ke ee ee te Se 9, 061, 455 3, 983, 160 44 
O52 eco ba Joos s kee 8, 086, 681 3, 617, 108 45 
1953 cece cose eee oss 9, 208, 237 3, 785, 727 41 
TODA Se tee oes Sous d 6, 225, 636 2, 711, 5382 44 
1958 oot cee Ss eace cece 9, 266, 523 3, 970, 674 43 


CARBON-MOLYBDENUM 


Molybdenum in amounts of 0.2 to 0.3 percent 
is added to these steels to improve such physical 
properties as hardenability and streniith, The 
steels are adaptable to production heat-treat- 
ment methods where the heat-treating tempera- 
tures each part receives may not be uniform. 
The low-carbon steels of this group are used 
both in the carburized and in the hardened con- 
dition. They have excellent weldability and 
may be welded more readily than a plain carbon 
steel developing the same tensile strength. The 
medium-carbon steels of this group are gen- 
erally used for structural purposes where a fine 
grain structure 1s not required. Some grades 
are available slightly resulfurized to aid 
machinability. 
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The automotive, construction, machinery, 
mining, eae ae power, and railway indus- 
tries are large users of these steels. 


NICKEL-MOLYBDENUM 


The nickel-molybdenum steels are used chiefly 
for carburizing where superior case hardness 
or core properties are desired. The low-nickel- 
molybdenum steels (4600 series) are extensively 
used for such applications as gears, piston pins, 
and similar parts of moderate sections for rela- 
tively light service, and the higher nickel- 
molybdenum steels (4800 series) are used for 
heavy sections or severe service applications, 
such as aircraft-engine parts or machinery 
parts for heavy-duty service. 


NICKEL-CHROMIUM-MOLYBDENUM 


Nickel-chromium-molybdenum steels are used 
for heavy sections or for parts subject to par- 
ticularly severe service conditions or for which 
very mild quenches must be used to prevent 
distortion. These steels are subject to air 
hardening and therefore must be prepared for 
machining by a suitable annealing cycle. 

In heavy sections these steels develop a good 
combination of ductility and tensile strength. 
They resist softening at service temperatures. 
Some typical uses for these steels are hot-work 
dies, locomotive connecting rods, traction gears, 
drive shafts, airplane-propeller shafts, and hot 
shear blades. 


CHROMIUM-MOLYBDENUM 


The chromium-molybdenum steels were the 
first molybdenum-bearing engineering and 
structural alloy steels developed for commercial 
applications and are now among the most popu- 
lar alloy steels, for they are relatively chea 
and versatile, being especially well adapted to 
the fabrication procedures of forging, machin- 
ing, and welding. Their properties make them 

articularly suitable for service characterized 
y fatigue, abrasion, impact, and high tempera- 
ture stresses. 

These steels free themselves of scale more 
readily than most alloy steels, with the result 
that forging, rolling, and pickling operations 
are conducted with minimum difficulty. 

In the fully heat-treated state, chromium- 
molybdenum steels are easily machinable and 
compare favorably in this respect with plain 
carbon steels at the same hardness. 

Chromium-molybdenum steels are easily 
welded, and it is often unnecessary to heat-treat 
the welds; but, if high strength is desired, a 
chromium-molybdenum welding rod of the same 
analysis should be used for welding and the 
weld heat-treated. 

The automotive industry is probably the larg- 
est consumer of chromium-molybdenum steels, 
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but the aircraft, 011, machine-tool, railway, and 
other industries are also large consumers. 


MANGANESE-MOLYBDENUM 


The manganese-molybdenum steels are used 
largely for castings. Molybdenum improves 
the uniform hardening of the steels, which 
greatly helps to prevent stresses and strains 
that probably would cause cracking of the 
thinner sections of the casting. The tonnage 
of these steels produced in the United States is 
small as compared with other groups of molyb- 
denum-bearing steels. 


HIGH-SPEED AND OTHER TOOL STEELS 


Being a strong carbide-forming element, 
molybdenum makes its major contribution to 
high-speed steel through the formation of the 
face-centered cubic double carbide (Fe, Mo), C. 
Since its atomic weight (95.95) is about half 
that of tungsten (184.0), the quantity of molyb- 
denum added to high-speed steel to obtain about 
the same degree of hardness is about half that 
of tungsten. 

During normal cutting operations a high- 
speed tool becomes heated to about 1,100° to 
1,250° F. at the point of contact (27). There- 
fore, the hardness of a high-speed steel at this 
elevated temperature range is more important 
than its room-temperature hardness. To de- 
velop proper hardness (red hardness) at this 


elevated temperature range it is necessary to 
exercise special care in heat treating the steel. 
Although the critical temperature range of 
molybdenum-type high-speed steels is lower 
than that for the tungsten type both must be 
held above their critical temperatures long 
enough to assure solution of a substantial per- 
centage of the alloy carbides before quenching. 
Molsbaenum-type high-speed steels are tem- 
pered in the range of about 1,000° to 1,150° F. 
to precipitate alloy carbides, reducing the alloy 
content in the retained austenite and resulting 
in secondary hardening. 

During the past several years use of molyb- 
denum-type high-speed steels in the United 
States has exceeded use of the tungsten type 
and in 1955 comprised over 86 percent of all 
high-speed _ steels shipped. actors that 
promptey increased use of molybdenum-type 
1igh-speed steels included the following: A 
shortage of tungsten during the Korean War 
(1950-53) caused producers to use molybdenum 
as a replacement for tungsten; the cost of 
molybdenum was considerably less than that 
of tungsten; improved heat-treating equipment 
gave closer control during hardening and tem- 

ring; and for some applications molybdenum 

igh-speed steels were preferred over tungsten 
type. United States production (as measured 
by shipments) of high-speed and other tool 
steels by major types is given in table 14. It is 
impractical to attempt to list the specific uses 


Tae 14.—United States shipments of high-speed and tool steel, 1944-55, by major types, in 
short tons (exclusive of hollow drill steel) 


{American Iron and Steel Institute] 


Composition (percent) 


1944 1945 | 1946 | 1947 | 1948 | 1949 | 1950 | 1951 1952 1963 | 1954 | 1955 
Grade ! C Cr W Mo | vV|co 
(min) |} (max) | (max) | (max) 
Class A— High-speed: 
Lec dohletessaeaees 0. 60 4.5) 6.75} 65.50 72.10,0 6.656} 6,490) 4,798] 4,008! 5,622. 2, 540} 6,161] 19,398] 11,821] 11,311) 6, 446] 10, 504 
TY tee ie sd oa . 90 4.5| 6.75' 6.50 32.25) 0 126 569 37 51 5) «104 154 5A7 549 566) = 489 847 
(Sener ear ne eae fe mi) 4.5} 6.75) 6. 50; 22.20) 33.5 217 211; 242) 135) 316, 208! = 572 239 243 85 59 118 
DT tte hs eating dca case . 60 4.5, 2.00) 9. 25) 21.30' 0 1,708} 1,577] 1,721] 1, 009] 1,499] 560) 1,559] 7, 504/ 4,185] 6, 283) 3,222] 6, 890 
Tl@sescficeseens 26 ne . 60 4.5 2. 00 9. 25) 22.20, 33.5 119 67 30 26 35 26 42 270) 214 176 139 153 
Eo tee 60 4.5 0 9. 25' 22.20 0 1,083) 1,050 4400) 28 665) 151 948; 2,421; 2,811] 3, 684! 2,443) 4,088 
[IIe.....-.-----.---- 60 4.5 0 9. 25) 22.20: 33. 5} 235 79 26 45 33 29 73 178 25 44 17 7 
eek ese fue sce CONE NERS act Deere rae cen Ieee, ParPPOISGEEN nce-ssl 04 fy aeeeer eM [otecmicaty poeereeME! pares heel) Ieereeeeel) Ammen 
Total, class A_..._|...-.--|------.]------- | seesaw |e Bats bags 10, 144} 10, 043! 7, 2541 5, 563) 8, 305} 3, 618) 9, 509] 30, 567) 19, 848) 21, 149/12, 815) 21, 616 
Class B—I|gh speed: * 
DV Se a ote ae . 55 4.5 19.0 0 31.30 O 16, 881] 13, 634] 8, 574) 9, 80-4) 7, 949] 4,041) 6,823) 6,061) 1,601] 2,336; 1,838) 2,366 
| G2 » a on arg oe . 65 4.5 19.0 1, 25) 31.75 0 423 455 307 SOO 436 3] 546 409 2H 259 204 284 
RVG. c2cc ses 0eGeceeee . 55 4.5 22.0 1, 25, 22.20, 33.5) 1,478 938 778} 1,054} 1,071 884) 1,026 920 812 841 4U8 605 
‘Total, class Bio. clock oe osletuces. sees J eeeess lashes meee. 18, 782} 15,027) 9, 659}11, 358) 9, 456) 6, 316) 8,395) 7,480) 2,617) 3,486] 2,540) 3, 345 
Total high-speed tool stecls__.............-------- Coon tase. 28, 926] 25, 070/16, 913/16, 921117, 761| 8, 934/17, 904| 38,056] 22,465! 24, 585/15, 355] 24, 961 
Ratio of class A to total high-speed.._...........---.-- percent.. 35.0; 40.0) 42.9) 32.9) 46.7) 40.5) 53.1 80.3/ 88.3) 86.1] 83.5! 86.6 
Other: 
V. All hot-work steel. ___..---- 22.2 11, 281} 12, 874} 5, 942; 6.088) 7,127) 5, 140} 8,068) 12,995] 12,719) 14, 229) 8, 857} 12,062 
VI. High-Cr (4 percent min.) die steel... 22-2 eee §, 571) 5, 321) 5,444] 5, 897! 6, 707! 4, 707) 7, 168: 12,230) 9, 700} 8,619) 7,832) 10, 488 
VII. All other alloy tool steels............-....-.--2----------- 38, 820! 44, 234,40, 043, 36, 605 37, 9&8 26, 251/40, 801} 78, 621] 57, 103} 53, 257/40, 342} 52, 949 
VIII. Carbon tool steels..........._....- 2-2-2 eee 29, 530) 29, 356) 28, 049) 23, Bl 251/12, 968/19, 038} 34, 112} 20, 233] 16, 941)12, 626] 15, 468 
MP Otals OWN GR ics ocd SS se Petree Sane a alee ee ee GeeeeN oss R5, 202; 91, 785! 79, 478] 72, 028) 72, (73) 49, 066175, 705: 137, 958} 99, 755] 93, 046169, 657) 90, 967 
Total all tool steels_...--... 2-2 eee ee 114, 128) 116, 855, 96, 391/88, 49/89, $34, 58, 000,93, 609,176, 014/122, 220,117, 631.85, 012/115, 928 
Ratio of high-s to total tool steels..........22...-.- percent... 25.3, 21.4] 17.5) 19.0) 10.8) 15.4) 19.1 21.6 18.4, 20.9) 18.1 21.5 
Ratio of class A high-speed to total tool steels._........ percent... 8.9 8.6 7.5 6.3 ¥.2 6.2) 10.2 17.4 16.2 18.0) 15.1 18.6 
! Before July 1, 1951, specifications for II, Ic, III, and IIIc called for 1.8 percent W and 8.75 percent Mo. 2 Maximum. 3 Minimum. 
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of molybdenum-type, isan ee steels for they 
are not only interchangeable to a very large 
degree with tungsten-type high-speed steels, 
but shop practice is also an important factor 
in determining their use. 

Molybdenum is also used quite extensively in 
other tool steels that can roughly be grouped 
into four main types: (1) Hot-work; (2) cold- 
work; (3) shock-resisting; and (4) special- 
oad eg Molybdenum is added to these steels 

or its contribution to hardness, toughness, wear 
resistance, or some other desired property. Its 
function in hot-work steels is the same as in 
high-speed steels. 

n nondeforming die steels molybdenum in- 
creases hardenability and minimizes distortion 
during heat treatment. The molybdenum con- 
tent in these steels varies from about 0.25 to 
1 percent. 

Molybdenum in shock-resisting steels con- 
tributes to greater resistance to shock. It is 
normally added to these steels in 0.15- to about 
0.5-percent amounts. 

olybdenum in amounts of 0.15 to about 2 
percent is used in many special-purpose and 
miscellaneous tool steels that have a wide va- 
riety of applications. 


MOLYBDENUM IN CAST IRON 
HISTORY 


Addition of molybdenum to cast iron was 
rimarily experimental until the late 1920’s. 

in 1929 Cone (17) conducted a survey of iron 
foundries in the United States and reported 
that molybdenum was being used in manu- 
facturing rolls for pone mills and also in 
certain types of castings for automobiles and 
airplanes but that the latter was only recent. 

n early use cast iron produced by or for 
automotive companies contained 0.30 to 1.00 
percent of molybdenum, which was generally 
used alone, but it was soon determined that 
molybdenum, in combination with other alloy- 
ing elements, such as chromium and nickel, 
resulted in more desirable castings. 

During the 1930’s the use of molybdenum in 
cast iron spread to virtually every industry 
that needed high-strength castings. Its use 
today is so general that virtually every foundry 
making castings to high-strength requirements 
is familiar with the properties of molybdenum 
irons. It is estimated that about 15 percent 
of the current consumption of molybdenum 
is 1n cast iron. 


ADDITION 


In most instances the mechanical properties 
of cast iron can be improved by adding molyb- 
denum without changing the normal melting 
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practice. Ferromolybdenum can be added to 
the ladle, permitting only a per of the melt to 
be alloyed if so iecived erromolybdenum 
can also be added im the cupola, but very little 
is added in this fashion because of the solubility 
of reasonably high percentages of the crushed 
alloy in the ladle or at the spout. 

Molybdic oxide briquets are used for direct 
addition to the cupola or furnace charge. 

Molybdenum silicide can be added either to 
the ladle or at the cupola spout. 


EFFECTS 


The addition of molybdenum to gray iron 
increases tensile strength, transverse strength 
and deflection, and hardness and improves re- 
sistance to fatigue. Molybdenum, usually 
added in quantities of 0.25 to 1.25 percent, is 
one of the most effective elements added to 
gray iron to increase strength. The increase 
in strength of gray iron by adding molybdenum 
is attributed to a direct solid-solution effect 
in the ferrite, a refining action in the matrix, 
and an improvement in the size and distribu- 
tion of the graphite. 

According to Aufderhaar and Smith (10), 
increasing percentages of molybdenum decrease 
machinability; but hardness increases more 
rapidly than machinability decreases, and ma- 
chinability does not become notably difficult 
until the molybdenum content reaches 1.5 per- 
cent, which point also marks maximum 
strength. 

Molybdenum in cast iron is generally used 


in combination with other alloying elements. 
Some alloying combinations are; Chromium- 
molybdenum, _nickel-molybdenum, _nickel- 


chromium-molybdenum, molybdenum-vanadi- 
um, copper-molybdenum, and _ copper-chro- 
mium-molybdenum. 

The largest consumer of molybdenum-bear- 
ing cast irons is probably the automotive indus- 
try, where they are used for dies, cylinder 
blocks, cylinder heads, bushings, and various 
other end products. The aircraft, machine- 
tool, railroad, and marine industries are also 
large consumers of molybdenum-bearing cast 
irons. 


MOLYBDENUM IN SPECIAL AND 
NONFERROUS ALLOYS 


Molybdenum’s high melting point, good 
high-temperature creep properties, and avail- 
ability are factors that have made it one of the 
most promising base metals for developing 
heat-resistant and structural alloys capable of 
supporting useful loads at temperatures above 
1,600° F. Although studies of molybdenum- 
base alloys have shown them to be superior to 
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Tasiz 15.—Nominal composition of some heat-resisting alloys containing molybdenum 


Brand name of alloy 

BRT sbcscese set eescs Si eesescceceees 1. 25 .0 14. 75 

Croloy 16-15 N.......-.--..--..-..--- 2. 00 75 16. 00 
D OF Pec Sen eee 1.38 .00] 13.5 
Haynes alloy 88..............-..-...- 1. 50 -60| 125 
cs eR Re REE EE PEE ee CE 1.5 .8 18.4 
Timken 16-28-6.................----- 1.35 Py | 16.0 
10-9 Db acco reewsa cencecwdecess 1.10 6 19.0 
10-9 DXi os wee ee ees See ce 1.00 -65 | 19.2 
NAG oh cet odaswhudwacdeeecatasce 1.5 z:) 21.0 
Refractaloy 26..........-.-------.---- me | 7 18.0 
Refractaloy 90..........-...-.-------- 6 ay | 20.0 
B00 sos cae oe eS ce tech eeu. 1. 25 4 20. 5 
BO eo ea oes en caNs 1.20 4 20.0 
OO soe eet ea Ca ee ea ae ae 9 a: 25.0 
erie Agee Be secehceneconaeneae 22.0 
CO 700... s .05 .2 15.0 
O88 eo wick ine Lawenticted anne cteuews 1.0 .65 | 19.0 
Waspaloy noc cons ss cesseetcec te ecccs 11.0 1,75 | 19.5 
Hastelloy alloy B_........--.-------- 8 7 1.0 
Hastelloy alloy C............-..-.... 8 o@ 16.0 
Haynes alloy 21.._.......--------.--- .6 .6 27.0 
Haynes alloy 30 (423-19)......-...-.-- 6 6 24.0 

1 Maximum 


the pure metal, oxidation in air at temperatures 
above 1,000° F. is probably their greatest weak- 
ness. The elements aluminum, chromium, co- 
lumbium, silicon, titanium, tungsten, and vana- 
dium are effective additions for improving the 
strength of molybdenum at both room and ele- 
vated temperatures. 

Research indicates that the high-strength 
properties of molybdenum-base alloys, when 
properly protected from oxidation, are superior 
to those of other alloys at temperatures above 
1,600° F. Although molybdenum-base alloys 
have been the subject of considerable research 
during the past few years and progress has 
been made in developing protective coatings 
and in fabrication of the alloys, they have not 
as yet been commercially produced for appli- 
cations in air at high temperatures. Conse- 
quentty, the major use of molybdenum in non- 

errous and special alloys is restricted to rela- 
tively low percentages. 

Commercially produced, molybdenum-bear- 
ing alloys include cobalt-base, iron-base, 
niiekel base. and tungsten-base, as well as pow- 
der-metallurgy compositions containing silver 
and copper. These alloys are used in a wide 
range of applications where the versatility of 
molybdenum as an alloying element is well 
known for its contribution to hardness, ele- 
vated-temperature strength, corrosion resist- 
ance, resistivity, or some other desired prop- 
erty, depending upon the base alloy. 

Molybdenum in hard surfacing alloys con- 
tributes to hardness and improves resistance 
to heat, impact, and friction. 

In nickel-iron alloys, for high magnetic per- 
meability at low field spe aoe, molybdenum 
decreases sensitivity to cooling rate and in- 
creases resistivity. 

Tungsten-molybdenum alloys are used as 
hooks in high-wattage lamps, supports and 
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springs in discharge tubes, and heaters in radio 
tubes, as well as resistance wire in high-tem- 
perature electric furnaces. 

Powder-metallurgy compositions containing 
molybdenum, silver, and copper are used for 
manufacturing electrical contacts. The good 
thermal and electrical conductivity of silver 
and copper, combined with the high hardness 
and density of molybdenum, are utilized, even 
though the metals do not form true alloys. 

Many corrosion- and heat-resistant alloys 
contain molybdenum for its contribution to 
hardness, elevated-temperature strength, or 
some other property. These alloys probably 
account for the greater amount of molybdenum 
consumed in nonferrous and special alloys. 
The nominal composition of some of the heat- 
resistant alloys containing molybdenum is 
given in table 15. 


MOLYBDENUM IN CHEMICALS 


The addition of molybdenum to colors was 

robably its earliest commercial use, and only 
in recent years has it been widely employed in 
other chemical applications. Alt aaah the vol- 
ume consumed for these purposes is small, they 
are important and increasing. The present 
chemical uses of molybdenum elude the 
following: 


REAGENTS 


Molybdenum reagents are employed in a 
wide variety of laboratory analyses and tests, 
but the most important is the use of molybdic 
acid in phosphate determinations. Molybdic 
acid and molybdic anhydride constitute the 
major volume of molybdenum reagents con- 
sumed by the various laboratories, and because 
only minute quantities are consumed in indi- 
vidual analyses and tests, the total is very small. 
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COLORS 


According to Killeffer and Linz (22), apph- 
cations of molybdenum compounds concerned 
with color divide themselves into four cate- 
gories: (1) Molybdates used as pigments; (2) 
colored compounds of molybdenum formed in 
and on animal fibers in the manner and with 
the effect of a dye; (3) color lakes precipitated 
as insoluble compounds of dyes with phospho- 
molybdic acid; and (4) molybdenum com- 
pounds, mordant dyes to fibers. 

Molybdenum orange is typical of the pig- 
ments, for it is formed by coprecipitation of 
the chromate and molybdate of Jead The re- 
action of soluble molybdates with certain types 
of organic compounds is used to form the colors 
in and on animal fibers, while the colors of the 
dyes used to make lakes and mordant dyes are 
scarcely modified by combination of the dye 
with the molybdenum compound. 

According to Climax Molybdenum Co. 1954 
Annual Report to the Stockholders— 

Molybdenum orange is the leading pigment in its 
color range and is widely used in color blends from 
reds to light oranges. Consumption of molybdenum 
in pigments in 1954 was nearly 800,000 pounds, which 
was the highest on record. 


CERAMICS 


Molybdenum compounds are used in the 
ceramic industry for manufacturing white pig- 
ments and in conjunction with other elements 
to promote adherence of vitreous enamels to 
iron and steel. 


CATALYSTS 


Larger uses of molybdenum in chemicals in- 
clude the manufacture of catalysts for oxida- 
tion-reduction reactions. The petroleum indus- 
try is among the largest, if not the largest, user 
of molybdenum catalysts. The demand for 
higher octane gasoline has brought about devel- 
opment of new catalytic refining processes, 
where molybdenum is one of the preferred cata- 
lytic materials because molybdenum catalysts 
are resistant to sulfur and other poisons. 

Molybdenum catalysts are also employed in 
numerous other oxidation-reduction processes, 
such as the catalytic production of alcohols, 
formaldehyde, and petroleum-base chemicals. 

Numerous patents covering a wide variety of 
uses have been issued on catalysts containing 
molybdenum. Koalleffer and Linz (57) re- 
viewed the patents on molybdenum catalysts 
and gave brief abstracts of some 1,755 patents, 
both United States and foreign, arranged in 
numerical order under the names of the coun- 
tries granting them, and about 535 abstracts 
of journal articles. 

ccording to Danziger and Kline ae ), the 
expansion of re-forming and desulfurizing 
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processes in the petroleum industry made 
catalysts the second largest market for molyb- 
denum chemicals in 1954. 


LUBRICANTS 


An early use of molybdenite was for lubri- 
cation. At the beginning of the 19th century, 
the crude molybdenite from the Knaben mine, 
in the Knaben-Flekkefjord district, southern 
Norway, was used, under the names of “silver 
stone” and “lead-pencil stone” (7), by workmen 
to rub on their tools, but the use of purified mo- 
lybdenite for modern lubrication is a develop- 
ment since World War ITI. 

Molybdenite (MoS,) is a blue-gray powder. 
It has a laminous molecular structure that 1s 
reported to be the basis for its lubricity. Ac- 
cording to a manufacturer, many experts think 
that the layer of sulfur atoms adheres tightly 
to metals upon contact because the sulfur has 
a syore afhnity for them, while the bond be- 
tween the two adjacent layers of sulfur atoms 
is weak, permitting easy slippage over each 
other. 

The lubricating action of dry molybdenum 
disulfide is said to be satisfactory over the tem- 
perature range extending from —40° to about 
100° F., but because, in air, oxidation occurs 
above about 750° F., its use above 700° F. is 
restricted to nonoxidizing conditions. 

Molybdenite is purified for use as a lubricant 
by refloating the concentrate and then treating 
at about 600° C. with either anhydrous hydro- 
fluoric acid or sodium bifluoride to decompose 
silicates and volatilize their silica content, after 
which the product is washed free from soluble 
solids and dried in vacuum. 

Molybdenum disulfide lubricants are manu- 
factured in greases, oil dispersions, resin- 
bonded films, and dry powder. They are be- 
ing used by most industrial countries. Annual 
consumption has grown from almost nothing a 
few years ago to approximately 300,000 pounds 
of contained molybdenum in 1955. 


AGRICULTURE 


Molybdic oxide and sodium molybdate are 
used to replace molybdenum deficiencies in cer- 
tain soils, Australia and New Zealand have 
made large-scale tests on pasture lands, and in 
Florida citrus trees are sprayed with sodium 
molybdate to prevent the deficiency disease 
known as yellowspot. 


OTHER 


Molybdenum compounds are used in medicine 
and for other purposes, but the volume con- 
sumed is negligible compared with the major 
uses. 
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SUBSTITUTES AND ALTERNATES 


Because of the supply position of molybde- 
num and its versatility as an alloying element, 
there has been little substitution or replace- 
ment of molybdenum by other alloying ele- 
ments. About the only substitution has been 
the use of boron in certain steels. These steels 
were used to a limited extent to replace steels 
containing molybdenum for its contribution to 
hardenability. Other possible means of sub- 
stituting or using alternates for conserving 
molybdenum are to revert back to tungsten in 
certain high-speed and other tool steels and 
to the more extensive use of nickel, chromium, 
and vanadium in certain low-alloy steels. How- 
ever, in view of the foreseeable supply relation- 
ship of the elements during an emergency, such 
a conservation measure does not appear to be 
justified. This would also apply to other pos- 
sible conservation measures, such as replace- 
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ment of molybdenum in manufacturing certain 
catalysts and orange pigments. 

Probably the first use of molybdenum as a 
substitute for other materials was during 
World War I (1914-18), when it was reported 
to have been widely used by European coun- 
tries to partly replace tungsten in certain high- 
speed steels. However, the degree of substitu- 
tion is uncertain. During both World War IT 
(1940-46) and the Korean War (1950-53) mo- 
lybdenum replaced tungsten to a large extent 
in certain high-speed and other tool steels. 
This replacement was due primarily to the more 
favorable supply position of molybdenum. 

National Emergency low-alloy steels devel- 
oped in the early 1940’s contained molybdenum 
in quantities from about 0.05 to about 0.40 per- 
cent. By the addition of molybdenum to these 
steels, the more critical supply elements (nickel, 
chromium, vanadium, etc.) were reduced in 
quantity. However, figures on the amounts of 
these elements conserved by the development 
and use of these steels are not available. 


WORLD TRADE 


Significant world trade in molybdenum be- 
gan just before World War I, when it is said 
that Germany started stockpiling the concen- 
trate in anticipation of a shortage of tungsten. 
By the end of 1914 the price of 90-percent 
concentrate had akeyrocketad: The shortage be- 
came so acute by the summer of 1917 that the 
British Government entered into contracts with 
producers for purchasing the entire Norwegian 
mine output during the remainder of that year 
and obtained an option from January 1, 1918, 
on all molybdenite produced in that country 
(7). However, this strong demand was short 
lived, for after the close of the war in 1918 
world trade in molybdenum broke sharply and 
did not again become significant Gntil ipeace: 
time applications were developed for the metal. 

United States export data for molybdenum 
are not available for 1930-39, but it is reported 
that Climax Molybdenum Co. alone exported 
about 83 million pounds of molybdenum con- 
tained in concentrate during that period. 

Molybdenum enters world trade in the form 
of a concentrate and in the form of various pri- 
mary products; the most important include 

bdic oxide, calcium molybdate, ferromo- 
lybdenum, and metal. The concentrate is nor- 
mally traded in terms of contained molybde- 
num sulfide (MoS,), but toward the end of 
1954 price quotations in the United States were 
changed to contained molybdenum in concen- 
trate grading 90 percent or more MoS,. Pounds 
are the standard unit of weight in the United 
States, Canada, and the United Kingdom, but 
in Latin America and Europe kilograms or 
metric tons are used. 

The United States, as the world’s major 
source of molybdenum, has set the price pat- 
tern since about 1925. Before that time prices 
varied widely and hit a record high during 
World War I. Since 1925 the price of molyb- 
denum has remained rather constant, increas- 
ing from a low of 35 cents per pound of molyb- 
denite in 1930 to $1.10 per pound of molybde- 
num contained in concentrate at the end of 
1955. 

Under the Tariff Act of 1922, a duty of 35 
cents per pound of molybdenum contained in 
ore or concentrate was imposed on imports of 
foreign ores and concentrates, and except for 
1943-50, when (under terms of a trade agree- 
ment with Mexico) the duty was reduced to 
1714 cents per pound, the duty remained the 
same, 
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EXPORTS 


The four major exporters of molybdenum 
concentrate, arranged in order of importance, 
are the United States, Chile, Norway, and 
Canada. In previous years Australia and 
Mexico were important exporters of molybde- 
num, but production has virtually ceased in 
those countries. The United States is by far 
the world’s leading exporter of molybdenum, 
normally more than the known production in 
the rest of the world. Chile and Norway ex- 
port mostly to Europe, and much of Canada’s 
ee has been shipped to the United 

tates for conversion and reshipment. 


UNITED STATES 


Following reopening of the Climax mine in 
1924 the United States soon became the major 
exporting country, and by 1940—the first year 
for which statistics are available—more than 
6.5 million pounds of molybdenum contained 
in concentrate was shipped, mainly to Canada 
and Europe. Table 16 gives the United States 
exports of molybdenum ore and concentrate for 
1940-55, by countries of destination. 

The United States is also a large exporter of 
molybdenum primary products, but statistics 
on some of ne Pee are not separately re- 
corded. United States exports of ferromolyb- 
denum for 1942-55, by countries of destination, 
are given in table 17. 

Several American firms, including the fol- 
lowing, export molybdenum concentrate: 


1. Climax Molybdenum Co., 
900 Fifth Avenue, 
New York 36, N. Y. 


2. Continental Ore Corp, 
500 Fifth Avenue, 
New York 36, N. Y. 


8. Bagdad Copper Corp., 
Bugdad, Ariz. 


4. Kennecott Sales Corp., 
161 East 42d Street, 
New York 17, N. Y. 


5. Metallurg, Inc., 
100 Park Avenue, 
New York 17, N, Y. 


6. Philipp Bros. Metal Corp., 
70 Pine Street, 
New York 5, N. Y. 


7. Union Carbide Nuclear Co., 
Division of Union Carbide Carbon Corp., 
30 East 42 Street, 
New York 17, N. Y. 
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Tasie 16.—Molybdenum ore and concentrate (including roasted concentrate) exported fr di the 
United States, by countries of destination, 1940-55, in pounds of contained molyb 
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TaBLE 17.—U’nited States exports of ferromolybdenum, by countries of destination, 1942-65, in 
pounds (gross weight)' 
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! Average ferromolybdenum contains 60-66 percent molybdenum. 
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TasBLe 17.—United States exports of ferromolybdenum, by countries of destination, 1942-66, in 
pounds (gross weight) '—Continued 
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1 Average ferromolybdenum contains 60-66 pereent molybdenum. 
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Taste 18.—Molybdenum concentrate exported from Chile, by countries of destination, 1939-55, 
in metric tons (gross weight) 
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DOA cee See ie eis 2 ee eect pee hue es ead ee Sean No eee te le 1, 284 |___-.-- 1, 284 
0S. SE ere ea veneer Pape teen | AReRCE Seer ee Dor arerneen ntneesy (ee crete | eee ee Coenen SORTER Eon ONaY cost mVeNRC ters (SRR Na nen) heres ter tea aeties 1, 825 |_.----- 1, 825 
jE 2 nee ar re ere ae cere aNOeaRone es (ater nae ce oct Goethe nae s ae ee eee ia anes 203 |...---- 
1946 2 oe eee L169) eee Sieh eat ae celle ation a 451 | 433 |..-...- 255 | 2, 324 
POS eee ee Bis DT Wis pce k ia eM cpa ate Oo et lens hee Cael aed 74) 455 |---i ue eee 756 
ME an a ee a oy a pce es gee eee ae Pea ee ie 62. 1-1, 12S ‘los ecewd sedeees 1,175 
1949. ______- AD Woot cele le ee ia ees See leet 246 Woes oe eee 288 
1950 s222c23cloneseus 328 865 DS, |e ete ae eee acta DOD wih. OO | att ele ain 2, 132 
1905) eet eee ates 725 OO cee ets (Seeeton | a Sane 141 700 j.--.--- 4, 124 
| 5) Aan eee enete penta te 607 |.------ +L | eee tees eerie a erm IO er een ens 134 | 2,631 |---.---|_------- 3, 402 
190g sects bool a eee 209 S00 cee deo cee < 307 |.-..--- 67 | 1,624 |....-_-|.------ 2, 557 
1954s slocesce 203 Z16 |oeeocceleccou ce 242 |______- 86 | 1,759 |_-..----|--.---- 
| 15) 5 faeces arent eee 208 ISL leeces os iekea we DOF caste cos 150 | 1, 798 |....-.-|_.----- 2, 571 


1 Normally 96 percent MoS3. 


Tas_e 19.—Molybdenum ore and concentrate exported from Norway, by countries of destination, 
1935-54, in pounds (gross weight) 


Bel- Po- 
gium- | Czecho- Ger- Japan | Nether- | land 
Year Austria | Luxem- | slovakia | France| many Italy and lands and 
bourg Korea Dan- 
zig 
1935....-..-.- 288 68, 004 |.-.-..--.- BAR, 7 237, 226 | 11,348 1117,852 |_......-.-]--.----. 
Se2SsSee ee oskelten: 71, 940 |--22 2.22. .)106, 124 TO OE ete SU sh ail ae eels eared oak 
MOST esos ste ce lace eee eesadesuleeente ce. ol Sv aceece Od OOS Leonie SS hele ene el ieee, ces ADs 880 (411, 741 
Be Ba ye | OO nates 12, 430 71 Es ae |) es 7 ae a | ee | ee ee nee a Cae | 
L089. cos te eceist chs See al 34, 760 DS) CIOS cote ae i te oe tee see ale 
194025 2c 2cce Nese scent eo opoiecetecnlS se diese | Uae. 653,018 occ. ccc bis fedee lode eos eee 
1041s oct och ete Sveciel Secor lees eet esas S84, O19) a2 cece SOS. best ecee eee [eect te 
19042223. 2cUs. | totes Jus |c hete loco otc coRl tie ee D2 089 bee co ed ok oe eta oe 
NOG S ence ne asiscine vine Voosesseetlaacecesdeslliseasack 651,503" cose csc ees ecco cee leds Sees 
OSG he Sha et he Sn ee oe letter ode a ei aametatos BOT ld oc ctu NS i eee eee NE cake 
1066 onl eo ee ce atloeiete seas liane elec OU 20S cise ek Meio ata ORS aa be tee rece oe 
VOI. eco elle [race cut mel tea Sols tll ate t| ec ee ate teen ecllecae Ne ee eer in tt cee ll See Sndnsad tata Rl tect na oe 
10472 oe eh one ee leas setae Uitoradiraty at Goal ane ate tell oe aa a aa th eta de bles RN ak et a ere a ee 
(© a Sear sencn (oe Paneer eranr mame wate tee meaedee ta laste oe Sulina ean ta lie tull a cinecie ele meee tas acta | satan oh abaya. 
10102 s.eua tee. euse panne usewben ee etewe eines Ste eewel eweedesie iueoeiuad ete lel Stee ele ate ac cee coda ts 
WQ00 sn eae as (Seer Sae aie acs Aes Shame eel eee ln een eee alae Sc che side acute toe Cetra act ee el ccRatny Ache a) ten lon eee ote 
4 Ss) Cee ene BOO xd Soca fe at ena rae aa Det ae ee OR ee | Be eles 93,623 |... -..- : 
19825 wocsc5 2. 1Oi S82 ecto ec den tedaets Heceta tes Mibeemmeae PDD RL Sear AE 22 Gael a irs ota eS : 
odd oot eet eaaees mealies we haan baie otwewrer deseo fai Uy oats eh Natta ei PE el aes ea tala ee we ot 447, 412 
ODN se ol Seo bene lemeeels = Ge ss ose ok ateeeea see eecales | LIZA oie cot te cesholescaoe H 
FOREIGN COUNTRIES NORWAY 


Norway has been almost a continuous ex- 
porter of molybdenum ore and concentrate since 

Chile, the world’s second largest exporter of | before the beginning of the century. Norway’s 
molybdenum ore and concentrate, ships mostly | exports of ore and concentrate for 1935-54, by 
to Europe, but during World WarII the United countries of destination, are given in table 19. 
States obtained most of its output. Molyb- 


CHILE 


denum ore and concentrate exported from Chile One 
for 1939-55, by countries of destination, are Korea, Finland, French Morocco, and Peru 
given in table 18. have exported appreciable quantities of molyb- 
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denum ore and concentrate; but in recent years 

Finland and French Morocco have had no out- 

ut, and exports from Korea and Peru have 
n exceedingly small. 


IMPORTS 
MAJOR IMPORTING COUNTRIES 


The major molybdenum-ore and concentrate 
importing countries in 1955, arranged in al- 
phabetical order, were Austria, France, Ger- 
many (West), Italy, Japan, Sweden, and the 
United Kingdom. United States imports have 
been minor and are given, by countries of origin, 
for 1940-55 in table 20. ort statistics for 
other countries are not available in terms of 
contained molybdenum. During World War 
II, the U. S. S. R. imported large quantities 
of molybdenum from the United States. 


TaBLe 20.—United States imports of molyb- 
denum ore and concentrates by countries of 
origin, 1940-55, in thousand pounds of con- 
tained molybdenum 


1 Imports for conversion and reexport. 


Import statistics for primary molybdenum 

roducts are not available, except for the 

nited States; even for this country imports 
are negligible. 

Some European firms known to import mo- 
lybdenum concentrate or primary products 
from the United States follow: 


Austria 


1. Gebr. Boehler, 
Kapfenberg, Styria, Austria. 


2. Metallwerke Plansee, 
Reutte, Tyrol, Austria. 


England 


3. Climax Molybdenum Co., of Europe, Ltd., 
2 and 3 Crosby Square, 
London B. C. 3, England. 
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4. Ferroalloys & Metals, Ltd., 
Glossop, Derbyshire, England. 


5. Minworth Metals, Ltd., 
Birmingham, England. 


6. Murex, Ltd., 
Rainham, Essex, England. 


France 


%. Soe. Commerciale de Minéral de Molybdéne et de 
Ferro-Molybdéne, 
11 Rue Portalis, 
Paris 8, France. 


Germany 


8. Badische Wolframers-Gesellschaft m. b. H. 
Séllingen/kr, 
Karlsruhe, 
Baden, Germany. 


9. E. Merck, 
Darmstadt, Germany. 


10. Hermon C. Starck, 
Gosler, Germany. 


11. Horbach & Schmitz, 
Neusser Strasse 26, 
Cologne, Germany. 


Italy 


12. Soc. P. Azioni Leghe e Metalli, 
Via Cairoli 2-7, 
Genoa, Italy. 
Netherlands 
13. Phillips, 
Hindhoven, Netherlands. 


Sweden 


14. Aktiebolaget Ferrolegeringar, 
Trollhatten, Sweden. 

15. Gullspongs Elektrokeniski Aktiebolay, 
Gullspongs, Sweden. 


INTERNATIONAL MATERIALS 
CONFERENCE 


The heavy world demand for molybdenum 
and other strategic commodities brought about 
by the Korean War greatly exceeded supply. 
To assure equitable distribution, the United 
States, France, and the United Kingdom spon- 
sored the organization of the International Ma- 
terials Conference. 

The organization scheduled its first meeting 
for March 8, 1951, with Australia, Bolivia, 
Brazil, Canada, Federal Republic of Germany, 
France, Spain, Sweden, United Kingdom, and 
the United States accepting invitations. By 
the third quarter of the same year the Tungsten 
and Molybdenum Committee had issued allot- 
ments covering distribution of molybdenum 
which had been approved by governments of the 
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TaBLeE 21.—Distribution of molybdenum ore and concentrate and primary products by International 
Materials Conference, in metric tons of molybdenum content 


Summary, last half of 1951} 


Summary in 1952 2 


Summary, first half of 1953 # 


Country Distribu-| Export |Distribu-| Distribu- | Export |Distribu-| Distribu- | Export | Distribu- 
tion of of tion of tion of of tion of tion of f tion of 
ore and | primary | primary| ore and | primary] primary| ore and | primary | primary 
concen- | prod- prod- concen- prod- prod- concen- d prod- 

trate ucts 4 ucts 4 trate ucts ucts trate ucts 
ATPeON iN so csos tosh cele t eel sean ei ee ee eal er ee Oe Oe Va bi Seceets cue Selenite 0. 4 
AUStPANA coe ete beeen es Gases | Sat eee ere eee ene ne een areen BO feats foe Sena 51.0 
AUSUI8n 224252 222 cc cee eee pede 21 Ly fs ame (eae ce 76. 5 8. 0 31.5 
Belem tose lees oc ces Ss eee Cd atone eee emi nee ceneec ey DONO: theethcsgasee sects 50. 0 
POD ots ae reach eee ee ed ees Oe ae eal lel eet a ZOD: Wetter 2.0 
CAN AGG 5s ei al nc pe es ae ra AB spinner Gea ee OO? “Wale in Aare alle Eis ae 220. 0 
Cis necks ht Meets oleae eet ol eee ew PON Westen elocd 3. 0 .5 1.5 
NB 7=\ 01 cc: | cance geen om een, mee ee ea (PTRNER a ett ee fed DUO MLN ae OR eect (IEE rena gene 60: VWeeegeee sotto teks 4.0 
EGY Piso see ee see Os eel cae seers ee alee tee ll aes ee a ehh nettle a omens | eden 2 
FinMlAn Gs 06552 ope eee ete esau ere oe ee eee a Rk Sel ene! TOYS We ccscgets Sechelt circ tant 7.0 
POPMOsGe. 22 Sateen ees BI hae Sea leet ee a eres art cl er es gS rere easiest eral al Seah cain 1.0 
France_._...--.------- 427 DO aceasta Ee, 1,217.0 1O0x 0? leseeccee 660.0 | £40 J|.------- 
Germany. -__--.----- 282 Fea) eaten or arenes 972. 95 09048) nd oe 666.0; 21 |_------- 
TV Ra cs fap at ieee ate se Pt sey a ne ease 4.0. e342 ed cee 4.0 
tally 2 oe Choe oes 2Or eet ee 10 i: aa ae |e eee 104. 0 30. 0 69. 0 
JADONS 2 3 coc cee ea. AO Nagios ote eos ee 22020) eSocenechiadoc mee BO20 eee eedecees 
WeNICO Ss jt tee ate ot et St ot te eee le rie reed oa O80) 4) sree we ee pel eae S 3.5 
Netherlands____--_--- Be |i cetetee ea 5 TO. Pee D5 i Weck ee os tee cas 10. 0 
Ne@w-Z2ealand.2s40. 606 Lue cet eee ele aot es Semel eee 1200S Wert sacek oS atosesoe 7.4 
INE WY anos as i eS ah gh tat prey ell aie ara aetna Stall ee tcius PTO) Went eee Jae yee 8. 0 
PORUGS8l Stes oe el eee ed ee eme Ss Pe) AAR Re eR, TR PR S20. Vi2Sc8 eeecek aed J 4.0 
SAUGL ATADIN=. J 60820) ice ce eee eles ele cee eee howl e tec ete oe eee oe ee 1.0 
South Africa__....---|.-----.--|]_------- Lr Raeeeee eee ant) Pavan eer 22-5 “hese Sooo vel seeeas 14.0 
tof 85: | 1 ¢ See eee en RP (eee een ee ere Ne eter ese ee (| teen ene ener Boe WE Ree eee ill cco ees 22. 0 
Sweden_.__---------- 206 1s Sl Eee er 468. 0 58. 5 12.0 250. 0 6. 0 
SWItZerland sco e eel Soon ete ees 12 AQ pocw ecu 49. 0 2. 0 12. 0 
UPKC Yio. ete eerste | eee ea ete ee oie at a Al tee O25) Weg sett oa tlhe eae 3. 5 
United Kingdom_.-- -_- 1, 053 Aaa Cee 2, 215. 5 oiOy he serra 1,000.0; $40 j-.------ 
United States.._.._.-- 7, 040 90 cece 16, 121. 6 O26 Or Wee tks 2 9,900.0) 166 |....---- 
WV UPOSIAVISees 3s see ee Sets eee ell eee te Ore Paterna Reena TOMBE: Veer nets Deceeite! 9. 0 
Reserve._._--------- 47 |__-._--- 2 f Ges 5 7 ah (mene ee AO Fo NES, Ue emer aocae” | PPmmeraNOn ine Porch eat ena 
DLOtalewGa cscs 9, 120 154 154 |21, 346. 00 | 967. 95 |966. 950 | 12, 602. 5 284 | 542.0 


1 Mineral Trade Notes, vol. 33, No. 5, November 1951. 

? Tungsten-Molybdenum Committee Doc. Nos. 102 (rev.), Mar. 28, 
1952; 120 (Rev. 2) July 10, 1952; and 136, Nov. 17, 1952. 

31 Tungsten-Molybdenum Committee Doc. Nos. 144, Dec. 16, 1952, and 
155, Mar. 20, 1953. 

4 4th quarter of 1951. 


member nations. The first allotments, which 
were for the third quarter of 1951, were for mo- 
lybdenum in concentrate. No specific provi- 
sion for primary products was made, other than 
that it was agreed that normal shipments, for 
export, of primary products would be continued 
by participating nations. However, following 
the scitial: allocation, special allotments were 
made for molybdenum to be exported as pri- 
mary products. 

The International Materials Conference re- 
leased molybdenum from allocation on June 
11,1953. Distribution of molybdenum ore and 
concentrate and of primary products is given, 
by countries, in table 21. 

International Materials Conference export 
and import quotas for molybdenum ore and 
concentrate are given in table 22. 
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‘lst quarter of 1953. 


NorTre.—Quantities shown under ore and concentrate are the net quan- 
tities for domestic use. Primary products include ferromolybdenum, 
molybdie acid, and molybdenum salts, including calcium molybdate 
and molybdic oxide. 


UNITED STATES TARIFFS 


United States import duties on molybdenum 
levied by Tariff Acts and Trade Agreements 


follow: 
TARIFF ACT OF 1913 


* * * Ferromolybdenum, molybdenum, * * * and 
other molybdenum alloys used in the manufacture of 
steel * * * 15 per centum ad valorem (par. 102); if 
unwrought metal 10 per centum ad valorem (par. 154). 

* * * Chemical compounds (calcium molybdate and 
other molybdenum compounds) * * * 15 per centum 
ad valorem (par. 5). 


TARIFF ACT OF 1922 


* * * Molybdenum ore or concentrates, 35 cents per 
pound on the metallic molybdenum contained therein 
* * * ferromolybdenum, metallic molybdenum, molyb- 
denum powder, calcium molybdate, and all other com- 
pounds and alloys of molybdenum, 50 cents per pound 
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TaBLe 22.—International Materials Conference export and import quotas of molybdenum ore and 
concentrate, in metric tons of metal content 


Exports 
Country 3d qtr., | 4th qtr., | Ist half, | 3dqtr., | 4th qtr., | Ist qtr., | 2d qtr., 
1951 ! 1951 ! 1952 3 1952 3 1952 4 1953 5 1953 § 

Canada i262. 5225 othe beeline oe 50 25 25 15 35 
Chile 232 282 ccecduseeedceu wc 275 365 1, 026 750 408. 5 410 370 
Korea. ccc ec cc wees shou 8 eee casmeeeeeee os 1 || Sa peaeeee one CSR ATEES| (ESE PEER On ree eee 
Norway 2.222225 ee cscs 25 30 80 43. 5 45. 5 40 44 
POM oo decease Sebi oi nai er |e acth eee a tees Be oe oe ee 1.5 1.5 2 2 
United States__..-.......--- 680 680 1, 237. 5 534. 5 653. 5 901 930 
Yugoslavia. -..--------------|....------|----------|----------|-~--------|----------|____—3 | ---------- 

Totalocvscoseccesccescs 980 1,075 | 2, 403.5 1, 384. 5 1, 134 1, 371 1, 381 

Imports 

ANS MAo coe cut cise oust ss. eke cles oe oe 4 5 a) TRS OI OR | [C0 ee RRO | OPO ACRE ae ACCS 
Frant@s. 23 2cJeroSccede sso 195 232 544 304 337 355 345 
Germany .6o22<05cec5%eco5e5 125 157 372. 5 273 300 321 366 
TUALY ofits ole ies ah ee 20 52. 5 13 13 20 10 
VODAU 2 cone ee eee eel ee 15 59 Bos. Wee ieee Be 26 
Netherlands._.......-.-.----|_--------- 5 10 3. 5 BOP a epic lueniatad Ve anor eae 
Sweden.__.__.-.------------ 100 106 226. 5 115. 5 118 134 133 
United Kingdom-....._-..---- 615 538 1, 134. 5 631 360 540 500 
Other countries.._......----- rt a eens eee 5 2 ei a eee oe eae ee (eee 
Reserve 2c aero eee ee et etosee eos ? Jesh epee AO ego Be Sere ees Ge! 
Switzerland «coo ee he ee eee Ae ee ie | es ice | ote rte an 1 1 

DObsacesec oot ee 980 1,075 | 2, 403. 5 1, 384. 5 1, 134 1, 371 1, 381 


Mineral Trade Notes, vol. 33, No. 5, November 1951. 


#IMC Tungsten-Molybdenum Committee Doe. 136, Nov. 17, 1952. 
IMC Tungsten-Molybdenum Committee Doc. 102 (rev.), Mar. 25, 1952. 


§IMC Tungsten-Molybdenum Committee Doc. 144, Dec. 16, 1962. 


3IMC Tungsten-Molybdenum Committee Doc. 120 (rev. 2), July 10, 1952, 


on the molybdenum contained therein and 15 per 
centum ad valorem * * *(par. 302). 

Steel: In addition to the rates of duty provided for 
in this schedule (Schedule 3: Metals and Manufactur- 
ers of) on steel in all forms and shapes * * * con- 
taining more than six-tenths of 1 per centum of * * * 
molybdenum * * * 8 per centum ad valorem * * * an 
additional cumulative duty of 65 cents per pound on 
the molybdenum content in excess of six-tenths of 1 
per centum * * * (par. 305). 


TARIFF ACT OF 1930 


Molybdenum ore or concentrate, 35 cents per 
pound on the metallic molybdenum contained 
therein (par. 302b). 

Ferromolybdenum, metallic molybdenum 
molybdenum powder, calcium molybdate, and 
all other compounds and alloys of molybdenum, 
50 cents per pound on the molybdenum con- 
tained therein and 15 per centum ad valorem 
(par. 302f). 

Steel or iron which contains * * * more than 
two-tenths of 1 per centum of molybdenum 
* * * in addition to the rates of duty provided 
on similar forms of plain carbon steel and iron 
without alloys (as provided in various other 

aragraphs of the act), 8 per centum ad va- 
orem * * * and a further cumulative duty of 
65 cents per pound on the molybdenum content 
in excess of two-tenths of 1 per centum * * * 
(par. 305). 

Ingots, shot, bars, sheets, wire, or other 
forms, not separately provided for, or scrap, 
containing more than 50 per centum tungsten, 

414189°—57-——-6 
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tungsten carbide, molybdenum, or molybdenum 
carbide or combinations thereof: Ingots, shot, 
bars or scrap, 50 per centum ad valorem; sheets, 
wire, or other forms, 60 per centum ad valorem 
(par. 316b). 

Molybdenum orange 25 per centum ad va- 
lorem (par. 70). 


TRADE AGREEMENTS 


A trade agreement consummated with Mexico 
effective January 30, 1943, reduced the duty on 
molybdenum ore or concentrate to 1714 cents 
per pound of molybdenum contained therein. 
The trade agreement. terminated on December 
31, 1950, reverting the duty back to 35 cents 
per Powe of molybdenum contained therein. 

The General Agreement on Tariffs and Trade 


| oe) effective June 6, 1951, reduced the 


uty on ferromolybdenum, molybdenum metal 
and powder, calcium molybdate, and other com- 
pounds and alloys of molybdenum to 25 cents 
per poue of molybdenum contained therein 
and 7.5 per centum ad valorem. 

Duty on steel or iron containing over two- 
tenths of 1 per centum of molybdenum, 4 per 
centum ad valorem and a further cumulative 
duty of 35 cents per pound of molybdenum 
in excess of two-tenths of 1 per centum con- 
tained therein. 

At the end of 1955 tariff on molybdenum ore 
and concentrate remained at 35 cents per pound 
of contained molybdenum ; that on ferromolyb- 
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denum, molybdenum-metal powders, calcium 
molybdate, and other compounds and alloys of 
molybdenum was 25 cents per pound of con- 
tained molybdenum plus 7.5 percent ad valorem, 
except molybdenum orange, which was 12.5 
percent ad valorem. 


PRICES 


At the beginning of the century, when the 
demand for molybdenum was very uncertain, 
no definite market prices were established. 
Even just before World War I the price varied 
from about 70 cents to $2 per pound of MoS, 
contained in concentrate grading about 90 per- 
cent or more MoS,. This wide fluctuation ap- 
parently was due to heavy buying by Germany 
In preparation for the war. 

rice developments during World War I, 
as summarized by the United States Tariff 
Commission (6), were as follows: 
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In September, 1915, the British Admiralty, which had 
commandeered the entire molybdenum output of Brit- 
ish controlled territory soon after war had been de 
clared, fixed its price at about $1.10 per pound for 90- 
percent material. This was a cut of 25 to 50 percent 
of the then prevailing prices. The sporadic demand 
that appeared in the United States in 1914 declined, 
but prices were then dominated by a strong European 
demand. By 1917, quotations for high-grade molybde- 
nite were $1.80 a pound. A spectacular flurry drove 
the price to above $3 in May, but except for this one 
month, the year was marked by a steady rise with 
90-percent molybdenite quoted at about $2.25 and in 
good demand in the last of the year. In 1918, the 
embargo on British molybdenum was lifted; and in 
February, the large output of concentrate from the 
new Colorado field came into the market, which slowly 
broke in successive reductions that brought the price 
down to $1 a pound in August. There was a very 
limited market in the year 1919, occasional quotations 
appearing at from 65 cents to 85 cents per pound. 


Nominal prices for molybdenum concentrate, 
calcium molybdate, molybdic oxide, ferromo- 
lybdenum, and metal from 1920 to 1955 are 
given in table 23. 


TaBLe 23.—Prices of molybdenum concentrate and products in the United States, 1920-56" 


Concentrate Calcium Molybdic Ferromolyb- | Molybdenum 
Year per poune molybdate per oxide per denum per metal (pow- 
o8; pound con- pound con- pound con- der) 
tained Mo tained Mo tained Mo 
1020 cides cette cola $0. 55-$0. 85 (?) (3) $2. 25-$3. 00 ‘ 
1O2t kee een sesadea aes .45- .60 (*) (7) 2. 00- 2. 50 8) 
1022 2. ke case eee sees .45- .80 (3) (?) 2. 00—- 2. 50 (?) 
jE! 25 Sn eee ne eee ae ne . 75— 1.05 (?) (?) 1. 90— 2. 50 (8) 
VO74 en ee eae eset .65- . 80 (2) (7) 1. 80— 2. 25 (8) 
CO 26 ie ee eee eee Sean .65- .70 (2) (3) 1. 25- 1. 80 (8) 
1026 © oe oo e ote s ec 48- .70 | $1.20 (3) (*) (?) 
FOOT ioc e eg OM ee ee .48- .50 1. 20 (?) 1, 26— 1. 45 (8) 
TO 28 oi Gate oe eee eee en oe (*) . 95 (?) 1. 00- 1. 25 (8) 
1020. uci An eee tees (*) . 95 (?) 1. 20- 1. 25 (*) 
1080. cecd tes ceeceewek eons .35- .50 . 95 (3) 1. 00— 1. 20 (8) 
19S lec cose hel esata elteecssacke .35- . 45 . 85 (?) 1. 00 $4. 50-$7. 00 
1! oO eae Cee en ee are .42- . 45 . 85 (?) .95- 1 50 
1938 23.33 eee ee eet kee . 45 . 80- 0. 85 (?) . 95 4.10- 4 50 
ah She cnet . 45 .80- . 85 (7) . 95 4.10 
1080s ecu ste se hare ued cya. . 45 . 80 (*) . 95 4.10 
1936 See eee eatn ee . 45 . 80 (?) . 95 4.10 
1O87 outs eee eos . 45 . 80 (7) . 95 4. 10 
1938-2 ccsblsehuei tee eee .42- .45 . 80 (7) . 95 2. 60- 4 10 
1099222 ie He eee ete ae . 45 . 80 (?) . 95 2. 60— 3. 00 
MOA eee ee nas eee ee . 45 . 80 (?) . 95 2. 60— 3. 00 
194 a ee ea a Sa as . 45 . 80 (?) . 95 2. 60— 3. 00 
122. Va an a anes eee . 45 . 80 (?) . 95 2. 60— 3. 00 
(OFS pero caine pees eee . 45 . 80 $0. 80 . 95 2. 60— 3. 00 
MOAN soa wee tec . 45 . 80 . 80 . 95 2. 60— 3. 00 
1S 1 eee Oe oe . 45 . 80 . 80 . 95 2. 60- 3. 00 
1046 ore ee caeeeee . 45 . 80 . 80 . 95 2. 60— 3. 00 
W047 2c eoseceeos cence eon es . 45 . 80 . 80 . 95 2. 60— 3. 00 
1048: eco ducliUeuceucees sees 45 . 80 . 80 . 95 2. 60— 3. 00 
1940 22 ote eee abe Baek . 54 . 96 . 95 1.10 2. 60—- 3. 00 
1900 Gs eet eee .54- .60 . 96— 1.15 94-$1. 14 1. 13- 1.32 2. 60- 3. 00 
OGL tet ot ie eases 60 1.15 1. 14 1. 32 3. 00 
1902 sa es meee Soe od 60 1.15 1. 14 1. 32 3. 00 
1003 ose eee deo . 60 1.15 1. 14 1. 32 3. 00 
1054 232s see Scteseeecetese 6. 60- 1.04 1.15- 1. 28 1.14— 1.25 1. 32— 1. 49 3. 00 
1960 sce ssc cece eek ect €1.05- 1.10 |] . 1.28 1.34 1, 24— 1.31 1. 46- 1. 66 3. 00 


1 Quotations for molybdenum concentrate, calcium molybdate, and 
ferromolybdenum for 1920-31 taken from Bureau of Mines Econ. 
Moly beeoam pp. 83-34; for 1932-54, Engineering and Mining J 

3 Not quoted. 

3 Not available. 
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Paper 15, 
ournal. 


‘ Ferromolybdenum quotations, January to July only. 

5 Calcium molybdate quotations, August to December only. 

Beginning December 10, 1954, molybdenite-concentrate prices quoted 
were on contained molybdenum plus cost of containers. 


CONTROLS 


The history of controls in the United States 
during World War II is given in “History 
of the War Production Board and Predeces- 
sor Agencies, 1940-45, Industrial Mobilization 
for War, 1947,” by the former Civilian Produc- 
tion Administration, and in Federal Records 
of World War II, 1950, by General Services 
Administration. Control orders issued during 
World War II were issued by Economic Sta- 
bilization Agency, Office of Price Administra- 
tion, Office of Production Management, and 
War Production Board. Since the close of 
World War II, control orders have been issued 
by National Production Authority and Office 
of International Trade and its successor agency, 
Bureau of Foreign Commerce. 


DOMESTIC USE CONTROLS 


WORLD WAR II 


Office of Production Management, General 
Metals Order 1, issued May 1, 1941, provided 
that molybdenum could not be shipped to cus- 
tomers in quantities that would increase their 
inventories to unnecessary levels. Molybde- 
num was then placed on the Priorities Critical 
List, and the order was extended to October 
15, 1941, and subsequently revoked. 

General Preference Order M-14—High- 
Speed Steel, issued June 11, 1941, provided 
that a customer for high-speed steel could not 
purchase the tungsten-type steel (containing 
12 percent or more tungsten) if the molybde- 
num-type (7.0 percent or less tungsten and 3 
percent or more molybdenum) would serve as 
well, The order also provided that, during 
any 3-month period, beginning June 1, 1941, 
a customer for high-speed steel might purchase 
tungsten-type high-speed steel only to the ex- 
tent that he bought molybdenum-type high- 
speed steel. The order was amended Novem- 
ber 29, 1941, and again December 31, 1941. It 
was revoked December 14, 1942. 

General Preference Order M-21—Iron and 
Steel, issued August 9, 1941, covered the distri- 
bution of steel and iron products. This basic 
M order was completely revised June 9, 1943, 
effective July 1, 1943. Paragraphs (g) 
through (i) were deleted May 8, 1944, and with 
amendments were redesignated (h) through 
(j) on the same date. 

General Preference Supplementary Order 
M-21-a—Alloy Iron and Steel, directed the 
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production and deliveries of alloy iron, alloy 
steel, and wrought iron and required melters 
to file a monthly meltin schedule, except for 
tool steel, as defined by Supplementary Order 
M-21-b. The order was amended December 
20, 1941, and May 11, 1942, and was revised 
completely December 14, 1942. The revised 
order was amended February 13, 1943, March 
24, 1943, and December 1, 1943, and again re- 
vised January 21, 1944. 

General Preference Supplementary Order 
M-21-b—Tool Steel, issue cember 14, 1942, 
and amended April 22, 1943, required that 75 
percent of all high-speed-steel orders accepted 
in any 1 quarter be of the molybdenum type 
and not more than 25 percent of the tungsten 
type; it was modified to permit a leeway of 5 
percent by weight, or within 500 pounds, in 
meeting the ratio. The amendment of May 10, 
1943, raised the permitted ratio of tungsten- 
type high-speed steel to 35 percent. 

General ference Supplementary Order 
M-21-j—Tool Steel, secned April 7, 1945, was 
amended May 18, 1945. It directed that, of all 
high-speed tool steel melted, delivered, or ac- 
cepted, not over 15 percent should be class B 
(straight tungsten steel) and the balance should 
be class A (to contain 6.75 percent or less tung- 
sten and 3 percent or more molybdenum). The 
order was revoked July 2, 1945. 

General Preference Order M-110—Molyb- 
denum, was issued March 18, 1942, to conserve 
the supply and control the distribution of 
molybdenum. The order provided for com- 
plete allocation of molybdenum in all forms 
Including scrap. It was completely revised 
December 30, 1943. 

Supplementary Order M-110-a—Small De- 
liveries of Molybdenum, issued November 6, 
1942, permitted, under certain conditions, de- 
liveries yp to 500 pounds of contained molyb- 
denum in any 1 month without allocation. This 
order was revoked December 30, 1943. 

General Preference Order M-369—Tungsten 
and Molybdenum Products, issued December 31 
1943, restricted the deliveries of tungsten and 
molybdenum products in pure form fabricated 
to the extent that it was hydrogen-reduced 
pone ingot, wire, rod or sheet, or further 

abricated into shapes such as, but not limited 
to, coils, filaments, spirals, grids, welds, leads 
or plates, but did not include molybdenum in 
the form of carbon-reduced powder or molyb- 
denum contacts. The order was amended 
February 7, 1944, and revoked July 20, 1944. 
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Civilian Production Administration Order 
M-21 authorized controls over alloy steel and 
ferrolloying materials. The order continued in 
force during 1946, but no active controls were 
instituted. 


KOREAN WAR 


NPA Order M-33, issued January 27, 1951, 
established specific inventory limitations for 
molybdenum in pure form as metal powder or 
in any shape into which it might be fabricated, 
and ferromolybdenum, mee ic oxide, calcium 
molybdate, and other combinations of molyb- 
denum with other elements in semimanufac- 
tured or manufactured form, prepared for con- 
sumption in the manufacture of steel or for 
other purposes, and all primary chemical com- 
pounds having molybdenum as an essential and 
recognizable component. 

NPA Order M-1, amended April 6, 1951, 
established procedures for virtually complete 
control over the use of ferroalloys in the pro- 
duction of alloy iron, steel, or nonferrous 
products. 

NPA Orders M-80 and M-81, issued August 
15, 1951, superseded NPA Orders M-1-18 (b) 
and M-33. 

Order M-80—Iron and Steel—Alloying Ma- 
terials and Alloy Products, required all melters 
and processors to file proposed melting or proc- 
essing schedules and data concerning inven- 
tories. This order terminated June 30, 1953. 

Order M-81—Pure Tungsten and Pure Mo- 
lybdenum, applied only to carbon- and hydro- 
gen-reduced, substantially pure tungsten and 
pure molybdenum. It made pure molybdenum 
subject to allocation and end-use restrictions 
and required the filing of monthly reports. 
This order was amended September 12, 1952 
to eliminate the requirement that deliveries o 
pure tungsten and pure molybdenum be made 
pursuant to allocation authorizations only. 
This order was revoked April 16, 1988. 

Defense Minerals Administration (later De- 
fense Materials Procurement Agency) Order 
MO-8, issued June 8, 1951, provided for the 
allocation of molybdenum ore and concentrate 
for domestic shipments and for exports for 
foreign consumption. This order was amended 
February 13, 1953, to terminate domestic allo- 
cation, and the entire order was _ revoked 
August 11, 1953. 


EXPORT CONTROLS 


WORLD WAR I 


On July 2, 1940, an act approved by Congress 
gave the President authority to prohibit or cur- 
tail the exportation of military equipment or 
munitions, materials, or supplies necessary for 
the manufacture, servicing, or operation there- 
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of. On the same date the President issued a 
proclamation providing for individual h- 
censing, among other articles and commodities, 
of aol bdentin ore, concentrate, metal, alloys 
containing over 10 percent molybdenum, and 
molybdenum compounds. The responsibility 
for administering the program was vested in 
the Administrator of Export Control, who was 
designated by a military order, also dated July 
2, 1940, and the United States Department of 
State. Later, by Executive orders, the func- 
tions of export control were transferred to 
Economic Defense Board, Board of Economic 


Warfare (ry change of name), Office of 
Economic Warfare, and Foreign Economic 
Administration. 


The individual licensing of molybdenum was 
carried out only after an Interdepartmental 
Foreign Requirements Committee had approved 
the essential requirements of the friendly coun- 
tries and made recommendations for meetin 
those requirements, which were then submitte 
to the War Production Board for review and 
analysis by its Foreign Division, where lend- 
lease requisitions were also checked. 

On July 9, 1942, an order issued by the Board 
of Economic Warfare permitted exportation of 
molybdenum ore, concentrate, ucts, alloys, 
and scrap to Canada and Newfoundland under 
general license. 


KOREAN WAR 


The United States defense program and 
mobilization effort, brought about by the out- 
break of hostilities between North and South 
Korea in June 1950, quickly resulted in a grow- 
ing shortage of most additive metals, includi 
molybdenum. Before many months had passe 
molybdenum was placed under total allocation. 

With respect to exports, the United States 
Department of Commerce placed molybdenum 
ore and concentrate, metals and alloys in crude 
form (including scrap), ferromolybdenum, and 
molybdenum wire under short-supply export 


controls, effective January 1,1951. For several 
quarters extremely restrictive quantitative 
quotas were in effect. By the third quarter of 


1951, however, essential foreign requirements 
had been firmly fixed, and a quota of 1.6 million 
pounds established for molybdenum ores and 
concentrate, ferromolybdenum, and certain 
molybdates; a token quota was also established 
for molybdenum metal and alloys in crude form 
(including scrap), and molybdenum wire and 
filament. These quarterly export quotas con- 
tinued in effect until first quarter of 1953, 
when the quota for ores, ferromolybdenum, etc., 
was increased to 2.1 million pounds. 

Between the imposition of short-supply ex- 
port controls on January 1, 1951, and first quar- 
ter of 1953, coverage of these controls was ex- 
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panded to include molybdenum filaments and 
molybdates (8Q51), molybdenum semifabri- 
cated forms, welding rods, and powder ere 
and molybdenum chemical compounds (4Q52 

With conclusion of the fighting in Korea, the 
supply situation with respect to molybdenum 
soon improved enough to permit discontinu- 
ance of all domestic allocation controls. By 
the end of 1953 the situation was such as not to 
warrant continuation of restrictions over ex- 
ports either, and on January 8, 1954, short- 
supply ae tee controls on molybdenum were 
formally abandoned. 


PRICE CONTROLS 
WORLD WAR II 


Office of Price Administration Maximum 
Price Regulation 489, issued November 8, 1943, 
froze the price of ferromolybdenum at 90 cents 
per pound of contained molybdenum, molybdic 
oxide (Technical grade), and calcium molyb- 
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date at 80 cents per pound of contained molyb- 
denum. The maximum prices for molybdenum- 
metal powder, molybdenum carbide powder, 
molybdic acid, molybdenum trioxide, molyb- 
denum silicide, sodium molybdate, ammonium 
molybdate, other molybdenum alloys, and com- 
pounds consumed principally by the metallurgi- 
cal industry were fied at the highest prices 
charged or quoted for such products by a seller 
on a delivery made during January, February, 
or March 1942 to a purchaser of the same class. 
Molybdenum ore and concentrate were not sub- 
ject to the regulations. The regulations were 
revoked June 12, 1946. 


KOREAN WAR 


Economic Stabilization Agency General Ceil- 
ing Price Regulations, issued January 26, 1951, 
froze the prices of virtually all commodities, in- 
cluding molybdenum, at the highest price re- 
ceived during the period December 19, 1950, to 
January 25, 1951. 
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